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Sir THOMAS LEWIS. 

It IS with deep regret that we record the death 
of Sir Thomas Lewis on March 17th, 1945, in his 
63 rd year. Lewis edited this journal from its first 
appearance as Heart in 1908 , he was instrumental in 
Its change of name and scope in 1933 , and continued 
as editor until the Autumn of 1944 when he felt 
that a younger man should take his place A fuller 
appreciation will appear m the next issue. 
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A SDIPLE STANDARD PROCEDURE FOR OBTAINING BLOOD 
HAVING A HAEMOGLOBIN CONTENT IDENTICAL WITH 

ARTERIAL BLOOD 


By E B REEVE and N A NEVILLE t 
{From the Oltmcal Research Unit, Guy’s Hospital ) 

SmoE arterial blood comprises the mixed venous bloods after tbeir passage 
through the pulmonary circulation, its hsemoglobm content indicates the 
balance of loss and gam of flmd and pigment by the blood of the tchole 
body at the time at -which, it was drawn It is therefore for many purposes 
the blood best smted to hsemoglobm estimations , for local causes, natural 
or artificial, cannot alter the artenal to the same extent as the venous 
hsemoglobm content In a senes of experiments -we required frequent 
knowledge of the artenal hsemoglobm content* Repeated artenal 
punctures, though under the proper circumstances neither pamfhl nor 
difficult, require time and considerable care We therefore developed a 
simple standard procedure, which we have found can bo rehed upon to 
yield blood not drffermg m its hsemoglobm content from artensd blood 
taken withm a short mterval by more than the errors of the methods of 
estimation and blood handbng used 

The method is as follows The left or nght hand, forearm and elbow 
of the experimental subject are immersed m water m an arm bath or ritiV 
mamtamed at 40 to 42*’C for ten to fifteen mmutes This results m marked 
dilatation of the vessels of the hand and a rapid blood flow through them 
When there is evidence of marked vasodilatotion the hand and forearm 
are removed firom the bath, dried and covered with a towel to 
heat loss, and blood is withdrawn fixim a vem at or a httle above the -wnst, 
usually and convemently one of the veins running along the radial aspect 
of the wnst While blood is bemg withdrawn the subject lays one finger 

t -Work undertaken on behalf of the Medical Keseardi Council 

• It 13 iieqnentljr ateted that under certain conditions for example, absence of stasis sn/l 
irermth of estretmt\, the hsmoglohm contents of artenal, skm pnofc and venous bloods are 
idenOcal but we have been unable to find good evidence for this m past records We have 
foimd no senes of estunations on man nsmg accurate methods of hremodobm estnnation such 
BS QBTG reported 
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a few centimetres above the pomt of venepuncture with ]ust sufficient 
weight to prevent the vem collapsmg durmg the vuthdrawal of blood 
Durmg the warming the forearm is flexed at the elbow and has generally 
not hung more than a few centimetres below the level of the apex beat 
In the table (Section A) the hsemoglobm content of 18 samples (1 to 
3 c c ) of blood drawn as described from 12 adult males, is compared \nth 
the hsemoglobm content of blood samples (1 to 3 c c ) drawn from the radial 
artery of the same side either just before or just after venepuncture The 
hsemoglobm content was estimated by a photo-eleotnc method (3) Blood 
was either pipetted immediately on drawmg, when no anticoagulant vas 
used, or coagulation was prevented by sohd heparm All estimations 

TABLE 


Section A Section B 



ABTERIAL BLOOD SAMPLE 
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Two practical points require mentioning The hand and forearm 
should not he warmed above 42 “C At 44°C , though there is greater 
vasodilatation, the results given m the table, Section B, suggest that there 
IS a significant slight increase of venous compared with arterial hiemoglobin 
content It should be noted, however, that these were our earbest 
experiments when we had less experience of arterial puncture The 
vasodilatation caused by warrmng, which m subjects comfortably warm is 
great, is less if to start with there is much peripheral vasoconstriction, as 
n hen the subjects ate cold These observations have been made on subjects 
some comfortably warm, some chilly, but none markedly cold 

The reasons for our choice of this method are as follows Under 
conditions of marked vasodilatation there is a very rapid blood flow through 
the hand, namely, up to 30 c c per 100 c c hand tissue per mmute (2) 
Much of this blood passes through the widely dilated arteno-venous 
anastomoses The extent of vasodilatation is mcely observed &om the 
colour of the hand and the rapidity of filhng of the hand veins when, after 
emptymg by raismg them above heart level, they are congested The 
hand is placed m a constant and controlled environment Blood is better 
withdrawn from the wnst or distal forearm veins than firom vems at the 
back of the hand The former are thicker walled and stand ficequent 
puncturmg Further, m many subjects repeated punctures at the wnst 
cause httle pam We preferred the forearm veins to the antecubital vems 
for the reason that blood from the antecubital veins comes from two mam 
sources, the skm and subcutaneous tissues of the hand and forearm, and 
the muscle mass of the forearm, which under varymg conditions vary their 
contnbutions, while under the conditions descnbed, blood firom the wnst 
veins comes mainly from the skm and subcutaneous tissues of the hand It 
IS worth notmg that active muscles form considerable quantities of lymph, 
and Barcroft (1) has shown them to yield a more concentrated venous than 
artenal hasmoglobm 


RKFEREXCES 

(1) BAHCKorr asd Raxo PhiL Trans Rov Soc , 1915 B 207 1-19 

(2) GsAirr asd Peabsov Clinical Science, 1938, 3, 119 

(3) Reeve {To be publisbed) 




OBSERVATIONS UPON A VASCULAR AXON REFLEX A 

CORRECTION 


By THOaiAS LEWIS * 

{Department of Cltntcal Sesearch, University College Hospital 
Medical School ) 


Ik a paper (2) pnbbahed m the last number of this journal a curious case of 
urticaria iras descnbed m which a constellation of wheals was produced 
around a central and quite local stimulus This reaction was shown to depend 
upon the functional mtegnty of cutaneous nerves, and upon an axon reflex 
m them 

Evidence was also produced which seemed to show the nerves in question 
to be cholinergic Among other evidence it was stated that the skm of the 
patient reacted unusually to acetylchohne (carbachol) To a given dose 
ionised into the forearm, full redness of the skm and a crop of local wheals 
appeared The same dose mtroduced mto 3 control subjects gave very 
sbght reddening and no wheals 

Recently I had occasion to test the skm of two other patients, m whom 
it was thought possible that a sundar susceptibihty to acetylchohne might 
be found and these skins both gave positive reactions The ongmal patient 
was a woman of 26 years , the controls to that case were two young and one 
older man As the second and third patients were also young women I 
thought it wise to test the skm of a number of young women n pd iB-as 
surprised to find that, without exception, these all gave positive results 
A ftesh senes of young men was tested simultaneously and these almost 
without exception gave negative results like the first controls The whole 
senes of controls is given m the accompanymg table In the ongmal 
patient 0 1% carbachol was used, 40 microamps bemg passed from 10 volt 
accumulators for 10 nunutes This gave the wheahng descnbed 10 
microamps gave local reddenmg and a few wheals 

In the followmg controls the full current used was 37 microamps to 
compensate for a shghtly smaller anode (19mm diam ) than that used m 
the ongmal case , otherwise the conditions were unchanged In most of 


• Work undertaken with the aid of the Medical Besearcb Council 
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those that reacted a current of 10 microamps ^^as subsequently tested 
0 1% carhachol was used m each cose and the current passed for 10 muis 


Females 


Males 


Subject 

Age 

Microamps 

C 

22 

37 



10 

B 

22 

37 

J 

21 

37 

“ 


10 

D 

22 

37 



10 

W 

23 

37 



10 

R 

29 

37 

H 

34 

37 

H 

32 

40 

T 

20 

40 

L 

61 

40 

M 

22 

37 

W 

22 

37 


10 

D 

20 

37 

B 

22 

37 

B 

24 

37 

G 

23 

37 



10 

N 

22 

37 

£ 

22 

37 

H 

20 

37 


Reaclxons of anodal skin 

Covered with fimnll wheals 
Redness and a few small wheals 
Covered with smoll wheals 
Almost confluent wheals 
Redness and a few small whcols 
Confluent wheals 
Redness and a few wheals 
lilany small wheals 
Redness and a few wheals 
Many small wheals 
A small crop of wheals 

Slight local redness 

Shght local redness 

Slight local redness 

Local redness only 

Local redness and doubtful whoolmg 

Local redness 

A little redness 

Local redness 

Local redness 

Many small wheals 

Redness and a few small wheals 

Redness and n few small wheals 

Pntchv redness , , , , , 

Patchy redness, doubtful wheahng 


Thus while 7 female subjects aU gave wheahng, out of 
one cave a comparable reaction No reason for this une^ected (^^erenc 

male « taow The 

evidonoo for the conol«s.on of my “^ho weata 

m tho aNon redox action there deeentod 

the similar evidence put forward by ^ ^ involved in reflex 

paper in wluoh they regard the nerves test the sUn 

Uoana to he ohohnergie but here .gam 

by ionisation and found then ‘ controls, as Dr Giant 

the patients «re mtU one exoeplam ioryl (005%) 

has since informed me, were male current density ns that 

into tho skin of two yonng ““®J^Z „htan.ed erops of wheals 

of the onginal observations, and i^achol experiments and vitliout 

though less prommently than in ,Lents 

tho surrounding dates of t le chohnergio nature of t lo 

Tliough the evidence put forward ^kened, it has not gone 

nervi involved m the urt.oar.as ” mtiont, piloearpino 

J^the cases by Grant and hmassooiate^n^y^, „ tenetion that 

inieotod snbontaneously gave an into , similarly admiiustersd 

S not occur m oontaols of either sex , »d aWP „„a 1b 

iVrfered with the usual ^ 5^1118 to have been more cmphsti 

'.^matOB too, tho looal ml controls in young women 

than m both them controls and my 
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Summary 

1 For a reason unknown, the skm of young women appears to be more 
susceptible to the action of oholm denvatives, ionised into them, than does 
that of young men 

2 This fact is relevant to observations made upon the nervous 
mechanism mvolved m urticaria of reflev ongin, and to the conclusions 
previously drawn from them For the conclusion that the nerves mvolved 
are cholmergic depended m part upon relative insusceptibibty of control 
skm to cholme denvatives , and this would not have been accepted as so 
clearly demonstrated had the control skins been those of female instead 
of male subjects 


PEFEREXCES 

(1) Gba>'t Feasson A 2 rD CoMEAV Clinical Science, 1036, 2, 253 
(21 Lewis Cbnical Science, 1942 4 365 


>>(m: — The control subject (C in the table) lias since shown heat urticaria which prompts the 
suggestion that females are m general more predisposed to the relevant urticaria from heat 
than males 




EFFECTS OF SUPERCOOLmO SKIN 


By THOMAS LEWIS • 

(Department of Cltmcal Research, University College Hospital 

Medical School ) 


Althottoh recorded obaerrations on freezing animal trssnes axe nnmerons, 
records of their supercooling are infrequent One of the earliest is by 
Kodis (1), irho in attempting to fix the freezmg point cooled frog’s muscle 
as low as — 18° without freezmg it He cooled a bve frog to — 10° without 
changing its reaction to stimuli when it was rewarmed 

In a paper wntten with Love m 1926 (3), I described the phenomenon 
of supercooling of human skm, giving one instance m which the temperature 
of the skm was reduced on its surface to — ^20° and m its deeper layers to as 
low a pomt as — 9°, without freezmg occurring It was said by us that 
whealmg was occasionally seen as an after-effect of surface coolmg to about 
— 20° Particular attention was given to the exclusion of freezmg m these 
observations, but as whealmg was seen m one subject only and that but 
rarely, we were unable to mvestigate the matter as fully as seemed desirable 
Recently, however, a rehable method of whealmg the skm by supercoolmg 
has been found and it is these observations that are now to be described 
The difficulty has been to produce an adequate degree of coolmg over a 
sufficient period of tune without actual frieezmg Reducmg the surface 
temperature to — 16° for periods of 5 or even 10 mm have not been seen 
to provoke subsequent whealmg , — ^15° for 15 mm gives whealmg qmte 
exceptionally , and surface temperatures below this level have hitherto 
nearly always given freezmg withm a few seconds 

In the present observations the skm used has been the middle of the 
firont of the forearm It has been cooled by means of the apparatus 
previously descnbed, namely, a bar of copper 1 5 cm square m section 
One end of this is immersed m acetone cooled by adding CO. snow to it, 
and the other is appbed to the skm The temperature of the surface of 
this copper bar, beforehand and while m contact with the skm, is read firom 
a thermal junction attached to the surface of the metal Now when this 
end of the bar is exposed to the air of the room, it very qmcHy becomes 
coated with very fine crystals of ice It was m this frost covered state that 


* Work undertaken with the aid of the Medical Research CbtmciL 
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probably oiring to this hoar W 

Its lowest points It was recogniLd^ m to 

skm m water predisposed to fte^g and that the 

skin assisted supercoobng The onlv rliffo ^ and greasing tlie 
been to keep the surface of Si ^ “I P^"‘=«d«rfha 

brushing cold acetone ov^ tt rta/stLce tL 
or, alternatively, hfting the Conner bar riir^ +i it to the skin, 

desired point a7d applyfnVraTonceti 

-“to 

«ures for much longer 

aoatact and .f the bar Bra.aed on the . Jant, afhm eSf tatn tan 
aluays found, if contact is mamtained at the stated temperatures this 
scale Tapi% thickens and hardens until it becomes a hard^dense plaque 
uuthm a few seconds The results now to be desenbed as tlie resulfc^f 
supercooling are fiom aiiplications of the bar givmg no trace of these 
sensations, and^in which on raising the bar at the end of appropnatc but 
varying times, the slcm is normal in appearance, lacking the opacity of 
frozen skm, and bemg quite supple It is to be emphasised that there is 
no difficulty m hemg sure that freezing is not concerned , supercoohng and 
freezmg give different immediate effects and, as will be seen, thej give 
different after-effects 

When the metal bar at — 21“ is brought luto close contact with the skin, 
the temperature of its face rises about 1“ very qmckly , its temperature 
then becomes steady or almost so, nsmg perhaps another 0 5“ m a minute 
Thus the actual surface of skin oiigmally warm falls almost at once to — 20“ 
These facts are ascertained by recordmg the temperatures of the face of the 
bar from first to last In these, as in the earher observations, a thermal 
junction has sometimes been introduced directly beneath the skin to sample 
deep temperatures Such a junction shows that when the bar is applied 
at about — 20“ to warm skin, the subdennal temperature falls to 0“ in about 
30 see , and falls to about — 6“ by the end of 2 mm Thus, the superficial 
layers of the skin fall well below freezmg point almost at once and super- 
coolmg of the whole thickness of slon happens from about 30 sec onanrds 
Tins statement of the gradient of temperature will suffice to gne a 
sufficiently clear idea of the amount of cooling happemng in the skm in the 
observations now to be recorded Foi these I shall now give the siir ace 
temperature only, for that alone was invanably known , the temperatures 
stated are not tliose at which the metal is applied, hut those at vhich t le 
surface of the metal becomes stable after its apphcation ^ 
highest temperatures of the slcm surface prevailing over the penod of cooUn„, 

which is also stated 



SUPEMCOOLING OF SKIN 


11 


Temp of — 15® The bar has been maintained at this temperature 
for periods up to 10 min m a number of subjects , most appUcations of this 
duration are accompanied by no freezmg This degree of cooling results 
in no subsequent ■whealmg,* and 'witlun an hour or less all trace of reddemng 
of the skm has gone 

Temp of — 21° After prelimmaiy observations this has been finally 
tested in a number of young subjects, the duration of cooling varying from 
10 to 120 sec In all these tests freezmg occurred once only, an observation 
that IS excluded from the table 


Subject 

1 

i 

Temp 

l>uration 
m &ec 

After-effects 

^*heal Local redness 

F 

—21 5° 

10 


1 

; —21 5° 

40 


1 

—21 5° 

120 

1 


R 

— 20* 

21 “ 

1 

10 i 
40 

aheht a Little redness m 2 htu 

fair > 

j 

21® 

120 

1 

full ) redness till nes:t ua> 

B 

.21® 

10 

slight j 


—21® 

40 

full > Sbght redness 4 his later 


21® 

120 

full 5 

W 

— 21° 

■I 

slight j 


21® 1 


fair > Xo redness 4 his later 

1 

—21° 


foU ) 

1 

M 

—21® 

10 

none ^ 


21® 

40 

none > Ko redness 4 his later 

1 

1 

21® 

120 

slight ) 

1 

G 1 

21® 

10 

sli^t \ 


—21° 


fair V No redness 4 his later 


—21® 

120 

full ) 


As will be seen the results are nearlj umform If coohng lasts 10 sec 
onlj”, then there is no whealmg or there is sbght whealmg If coohng 
lasts 2 mm then full whealmg is the rule These wheals subside within 


seen 


Whealmg foUoired m a smgle example previoush recorded no further example hag been 
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about an bour, leaving a htfcle redness behind , but this rarely lasts for 
more than a few hours 


Temp of — 24° to — 26° The skm surface was cooled to this 
temperature in 13 young subjects, the bar bemg m place m each instance 
for precisely 10 sec In every instance but one, full wheahng was seen in 
the cooled skm witlun 3 to 6 min In the exceptional instance the wheal 
was distmct but smaller , and this subject gave full and equal wheals when 
the skm was cooled for 40 sec and for 120 sec The skm examined 4 lirs 
later showed no trace of wheal or redness, with one exception m which a 
famt redness was still present 18 hrs after coohng 

In several other subjects coohng of this extent was maintained for 
40 sec and for 120 sec The wheals were snnilar to those from 10 sec 


coolmg, but whereas m the latter all redness disappeared within a few hours, 
after the 2 mm coohng a httle redness was visible next day, though not 

subsequently 

Temp of 30° A bar at this temperature can rarely be mamtamed 

the skm for 5 sec without freezmg it A 6 second contact without freezing 


on 


i“enOTgh to produce distmet or full wheatog The redness uhich foBons 
subsidence of a wheal so produced does not last 


Freezing 

It .s ,n.portont ‘^/^^^^“"'SttTthe 
r toTrtr1hr"i:t.es and them are rurpertout 
differences between ^ i„„ w follows not only supercoohag 

Fast It should be made etortht b ^ ,^dlaneoas 

but freezmg also, and that it mstance It has been aeon 

supereooUng which is responsible m the lato^^ _ 25 ,(; , 

that wheahng may foUow superooolmg t J ^ mmutes to give the 

short duration, and therefore y longer, doc 

follow Thus while supercoohug for 20 or 30 sec always docs 

- . - - - - 
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place to pigmentation and to desquamation , it is true that, when 
supercoohng fully wheals the skm, a httle local redness may he left for 24 or 
even 48 hours, hut this is its maximal and unusual time limit, whereas the 
mark of a freeze often persists for several weeks Thus if a forearm has 
been used for numerous tests of supercoohng and freezmg to day , the areas 
of skin that have been frozen are the only ones remainmg clearly recognisable 
durmg the foUowmg days There is a fundamental difference between the 
reaction to frost and to coohng , while both wheal the skin, freezing produces 
additional effects, particularly persistent evidence of damage 

It is to be emphasised m this connection that the fullness of wheahng 
does not forecast the persistence of redness , these two reactions are 
unrelated quantitatively , a freeze which fails to wheal is followed by long 
persistmg redness, the foil wheal of supercoohng is not Moreover, although 
freezmg will itself give wheahng, yet if skm is supercooled and happens to 
freeze m the last second or two of the time allotted, that skm wiU wheal 
less than skm that has been equally cooled but has not frozen In usmg 
the bar at — 25°, and attemptmg to supercool mth it for 120 sec , freezmg 
not infrequently mterrupts the observation , it was m these that it first 
appeared that freezing tends to reduce the full wheahng expected from 
supercoohng of this degree and duration The matter was brought to a 
final test by supercoohng two areas at — ^23° each for 2 mm , and m one of 
these at once freezmg the same area for 1 second by applymg to it a second 
bar at — 30° Subsequently the wheals on the two areas were compared 
In each of four subjects, the control skm, that bad been supercooled and 
not subsequently frozen, presented much the larger wheal , moreover, these 
wheals were accompamed by much the more mtense and widespread flare 
It was mterestmg to note, m instances where the bar used to freeze and that 
used to supercool made contacts failmg precisely to correspond, that the 
nm of supercooled skm that had escaped subsequent freezmg, alone gave 
fuU wheahng The meanmg of this phenomenon is unclear, but it has its 
present importance m bnngmg convmcmg evidence that the reactions to 
supercoohng and to freezmg do not differ from each other merely m the 
degrees to which they mjure the tissue 


Excised elm 

Repeated additional tests have been made on pieces of excised human 
skm, taken from post-mortem subjects one or two days after death and 
sometimes kept for a day or two longer m an ice chest The stnp of skin 
IS pinned out on cork, all obvious surface moisture removed, and the surface 
exposed for 15 to 30 mmutes m an airy room to allow any further surface 
moisture to evaporate The skm is not allowed to lose its natural suppleness 
A small thermal junction is introduced immediately below the dermis nnil 
the copper bar, withdrawn from acetone at — 20° to — 22° is apphed over it, 
repeatedly if necessary, until the desired temperatures are reached There 
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18 no difficulty in reducing the temperature of the suhdermal junction to 

6° or — 7°, and on a number of occasions temperatures of — 9® and 9 5“ 

have been reached, mthout the skm freezmg Loner temperatures liavc 
not been readied without the occurrence of freezmg, which, nhen it occurs, 
IS at once recognised by an abrupt rise of temperature of the junction hj 
1° or 2°, and is obvious as soon as the bar is removed 

Thus, supercoolmg of hve and dead skm presents no difference, both 
can be cooled so that the surface is at about — 21® and the depth at about 
— 9® nuthout freezing happening 


Comments 

In a paper published a year ago (2) I showed that immersion of the 
hand in water of a certain coldness soon causes appreciable swelhng of the 
hmb Such a reaction, measured by the swelhng, is detectable uhen 
exposure is at a temperature as high as 18°C (appiox) , it is mcrcased in 
degree as the temperature of the bath is lowered down to the region of 
freezmg pomt The reaction was ascribed m my earher paper to direct 
miurv by cold of the tissues, and especially the skm, concerned , and it was 
regarded as belongmg to a number of reactions providmg simdar evidence 
One reaction, however, I was unwiUmg to stress m this connection, namely, 
the very occasional triple response which had been seen by Love and myself 
I arlterlon m%eroooled skm , and I unable to la so^caa^ 
L nrecBO eondifaona under whieb tins reartion oeenia mnid not then 

It ar not dear that this response m«ht not be exceptional or 

Itdab^rmd ^rtiano longer the Le.for.astbe»^^^^ 

Th" rvheahng is the rule, and 

snperHoios of the skin 1- "id Z 2 minutes 

Thus, them m a serms of them toot — mM. mt J 
in intensity as they are traced fr -g„ctions are aU ascribed to tissue 
lower points of supercooling fundamentally abke, bemg responses 

injury and are at present regarded as fun tissues damaged by cold 

S'S blood vessels to H-substance j easf W 

Thus we may conceive steadily mcreasmg m intensity as 

temperatuies, gradually and almost s j^^tensity as the 

freezmg pomt is approached, but cannot be very precise 

lower temperatures of supercoolmg are reahd 

in nammg the actual are not cooled to a imiform 

supercooled m smaU mass surface We may say, houever, 

terpnrntnm but present a grntont tom ge 

that the abrupt rm “ '"tSe^ sunk to a point near -1^0 



SUPERCOOLING OF SKIN 


15 


the glnn comprising transient reddening and swelling, after qmte bnef 
exposnres to very low atmospheric temperatures, are not necessanly to be 
ascribed to frostbite , there is the definite possibility that manj may be 
due to supercoohng rather than to fiuezmg of the skm 

StnniARV AXD COXCLUSIOXS 

1 A method is described by which the surface of the human skin 
can usually be supercooled to — 20°C or — ^25“C for short periods of time 
(10 to 12° sec ) without freezmg the skin Dead skm can be supercooled 
as well as bvmg 

2 Such coobng, especially to the lower temperature, is regularly 
followed m the livmg skm by the acute mflammatory reaction termed m 
previous publications the triple response 

3 The immediate reaction of the skm to adequate supercoohng and 
to actual and smtable freezmg is similar, nameh', the triple response 

4 But freezmg, if it happens to occur directly after adequate 
supercoohng, tends to check the foil development of the wheal which would 
otherwise follow supercoohng Although whealmg may be said to be a 
more promment after-effect of supercoohng than of freezmg, yet the 
delayed after-effects of freezmg are much the more conspicuous , it is clear 
that the heavier damage of frost mtrodnces reactions that are far less easily 
reversed or repaired 

5 It IS suggested that the reactions described form part of one senes, 
representmg m]ury of skm, and that this starts as high m the temperature 
scale as 18°C , mcreases slowly m mtensity as zero is approached, to rise 
abruptly to great mtensity m the lower levels of supercoohng 

6 The acute reactions to supercoohng must occur from time to tune 
m exposure of the skm to low atmosphenc temperatures and should be 
distmguished from true frostbite 
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OPHTHALMOPLEGIA IN GRAITES’ DLSEASE 


By F E BUNDLE* and G W WILSON f 

{From the Weslmineler Hospital School of 2Iedictne ) 


Ophthalmoplegia is an inteinsting and important sign in Graves’ disease 
for it both raises the question of the relationship between the ocular and 
thyroid components of the syndrome and provides a tool for its mvestigation 
The expression “ ophthalmic type of Graves’ disease ” is used here to describe 
cases m which the ocular changes occur without goitre or hyperthyroidism 
Evidence previously adduced (11) suggests that such patients do m fact 
belong to the class, Graves’ disease This paper is based on data from 
patients of the purely ophthalmic type and from a random sample of the 
ordmary type of Graves’ disease with hyperthjroidism The characteristics 
of the ophthalmoplegia are defined and shown to be similar m the two groups 


Method 

The vertometer, an instrument for measurmg duction movements of 
the eye, and the techmque of its use have been descnbed elsewhere (13) 
Elevation, depression, adduction and abduction of the eye are measured 
from a standard central position m which the subject looks directly forward, 
Reid’s base Ime being horizontal 

Standards of ophthalmoplegia It is convement to adopt some value for 
each duction movement at, and below which clear limitation (ophthalmo- 
plegia) is mdicated Table I gives the mean values for the various duction 
movements m normal controls and the ranges taken to mdicate different 
degrees of ophthalmoplegia 

Patients of the ophthalmic tyjie fall mto two sub-groups, post-thyroidec- 
tomy (8 cases) and spontaneous (24 cases) In the former ocular changes 
were absent or shght before operation and only became severe afterwards ** 
In 6, thjrroid function had been restored to normal, m 2 mild hypothyroidism 
was present 


• Aided by a grant from the Medical Besearch CoancQ 

t Physicist m the department aided by the British Empire Cancer Campaign 

** In thyrotoxic patients mth marked ocular changes, the latter have been occasionally 
observed to worsen perceptiblv after thyroidectomv but such patients have been excluded bom 
tho ophthalmic group 
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table r 




tye 


Left eye 


0 I U ) D 


Duetjon* 


A\ ontge normal 
rango end 


rango ona 43 40 ra 00 j/. 1 

standard ± 30 “ ±41“ 4-35“ 404 “ 471 “ 

deviation ( 13 ) ^ ±5 3 “ ±2 0 “ ±370 ±410' 


oph.l»lm.,Jeg» 38.,3,. 3i--30. 3,.^. 

Modorato — — . J, 

ophthalmoplegia 20“-2tJi“ 24“-33i“ 22“-311“ 20“-20|“ 

Soven ' 

ophthalmoplegia 

m range less 20“ 24“ 22“ '>(i“ eno 

than 


23“-32J“ 20*-2D4* 


24“ ( 23“ 20“ 


_ t ' 


We are indebted to Dr S P Meadows for referring to us, from an 
ophtiialmio hospital, all but 3 of the patients who developed ocular changes 
spontaneously * They presented three mam types , with exophthalmos and 
ophthalmoplegia as the chief signs , with bd retraction** (more often than 
not unilateral) , and with marked exophthalmos but no ophtlmJmoplegia 
Evidence of goitie and hyperthyroidism was conspicuously lacking Fno 
patients had suggestive general symptoms, but in 4 no clear evidence of 
hyperthyroidism ever developed while m the fifth, though well marked 
hyperthyroidism eventually supervened, it postdated the onset of milaton) 
hd retraction by four years 

In the thyrotoxic group our aim was to examme a random hospital 
sample Therefore all patients with definite thyrotoxicosis presenting 
themselves at a general hospital during the period of mvestigation were 
included in the senes except for 3 with cardiac failure No distinction was 
made between those with primary (diffuse) and secondary (nodulai) toxic 
goitre or between those with eye signs and those without 


* Two patients with goitre and liyperth>roidisni as well as marked 
rofci^d fZ the same sonme but - excised IJLSX aS 


referred from the same source but are excluded irom tne , 

purely ophthalmic to 2 ophtMlmic plus thyrotoxic fonns a^nd^iSJwKlm 

Lio attendmg even an ophthalmic hospital since ^be 

would load to their transfer olsowhere at on eaiher stage But it w clwr ^ 

hospital provide a wdattve abundance of cases which are distinctly ancemmen in gene 

jnedicme i » m or 

** Lid retraction is used in the sense, reaction of ^ b"idw of 
above level of the limbus. Beid’s base hne being horizontal and the gaze dirccmi 
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The contrast between the incidence and seventy of ophthalmoplegia 
in the two groups is shown in Table II 

TABLE n 

Ophthalmojilcgia in ophthalmic and thyrotoxic Jormo 


Clinical group 

Paiients included 

Ophthalmoplegia 

absent 

slight 

moderate 

a^rt 

32 Ophthabme 

^lalea 11) , 

Females 2l{‘°*»^'3’ 

Mean age 43 5 i 12 2 years 

7* 

3 

7 

15 

57 ThjTotoxrc 

Males 6). . , „ 

Females 51]*°™' 5' 

Mean age 3^9 i 11 3 jeats 

1 

i u 

IS 

3 

e 


* Xnclodcs - patients with lid retraction ooli and 5 mth marked exophthalmos, iritb or 
mthont lid retraction, but without i^htbalmoplegia 


The ophthalmic group 

The incidence and degree of paralysis of the various eye movements 
may be represented diagrammatically as follows — 


/ 1 sbght 
22 ^ 10 m^erate 
, (.11 severe 


{ 2 shght 
23 < S moderate 
, V 13 severe 


4 slight 1 
1 m^erate? 6<- 
1 severe 1 


1 slight 
1 moderate 


moderate 3 <• 


1 1 sbght 
3 < 1 mraerate 
(l severe 


V V 

t Bits'll I Bhght 


2? eye 


l> tyr 


Symmetry of affection of the eyes Paralysis of elevation tends to be 
bilateral and symmetrical Thus m 21 of the 2i patients afiFeeted by this 
palsy it was bilateral The degree of bmitation also tends to be equal m 

the two eyes , this point is exammed more fullv below m connection with 
sqmnt 

Incidence of ophthalmoplegia on the tanous duciions There is no 
suggestion that any particnlar movement is more likely to he paralysed m 
one 636 than the other and we may therefore use the combmed values for 
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the inoidence on the different auctions as 


45 

A 


3 slight 
18 moderate 
24 8e\ ere 


5 slight 
2 moderate > 
2 sovero J 


9<- 


out 


in 


->5l 


' 1 slight 
[ 4 moderate 


V 

2 slight 


R and L eyea 


The frequency of paralysis of elevation is significantly greater than that 
of other movements * Considered separately the values for adduction, 
abduction and depression show no clear difference but, if the horizontal 
movements are taken together, the proportion of 14 to 2 shows that paralysis 
of one or other is more jfrequent than that of depression 

The seventy of paralysis has a similar distribution Thus the proportion 
of severe paralyses is greater for elevation than for the other ductions taken 
together (24 m 46 as compared with 2 m 16) In individuals also the seventy 
of paralysis of elevation tends to overshadow that of other ductions Thus 
in 9 eyes limitation of elevation was combmed with that of other ductions , 
in 5 the degree of the former was greater than that of the latter and m the 
remammg 4, they were equal In 20 eyes there was severe himtation of 
elevation ivithout other paralysis , the converse obtamed m one eye only 
ivhere shght limitation of abduction was present without limitation of 
elevation ** 


The same pattern of paralysis has been observed in individual patients 
durmg the ingravescence of ocular changes (in several cases, elevation has 
become measurably less and even severely limited while all the other ductions 
remained fuU) The most strikmg example occurred m a woman who 
rapidly developed exophthalmos and ophthalmoplegia after thyroidectomy 
for severe thyrotoxicosis The data for her case are shown m Fig 1. sm^th 
curves bemg drawn through successive measurements of the duction 

movements 


p^robability of thoir bemg siimlar vvas less *nan - — 

*• It IS suggestive that m the only ey® do^warS'^d^S not“bo raiwd 

(outwais) wos^^mpletely Para^sed^^ far oxeoedod that of the 

from that position more than 6 inus para.jr»« 
horizontal duotion in extent 
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Elevation of both eyes became completely paralysed , on fact, for a 
tune the nght eye could not even be raised to the central position and 
permanent complete paralysis of that dnction supervened Only 20° of 
elevation was regained m the left eye Paralysis of horizontal dnctio^ was 
never more than moderate and recovery was complete except for abduction 
on the nght Depression was only shghtly affected and returned fully to 
normal Naffziger (7) descnbes the same march of ophthalmoplegia m his 
severe post-operative oases 

Pattern of squint The term squint is used here to signify the presence 
of obvious asjTiimetry of the optic axes m the central position of the head 
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and gaze It was present in 12 patients and was paralytic m typo 
Qistnoution of squints may be shown diagrammatically — 


The 



7 

hypophoria 


com crgonco 
plus 

hyporphonn 


comergenco 


convergence 

plus 

hypophoria 


Hypophona and convergence are commonest, correspondmg to the 
greatest mcidence of paralysis of elevation and abduction , but relative to 
the frequency of paralysis, horizontal squmt is commoner than vertical 
Asymmetry of muscle power rather than absolute paralysis appears 
to be the essential factor in the genesis of squmt Thus the mean difference 
in elevation of the two eyes m the 7 patients with hypophoria was 21 4 ± 
13 7° compared with that of 2 8“ ± 3 8" m those without rertioal squint^ 
But there IS no absolute loss of elevation for with the master eje 
screened, the liypophono eye nsually “ ted ” '“““f “Sf “ 
fnrthor range of elevation waa possible though it was lere Ml tl>»“ “ 

» eS^r P^^v^S^altirtrers^leS 

of the sqnmt »~"re”£ 

of museute power ““^^^^^^^“Zele balanee was nom.1 sad there 
are shown m Fig 1 , - - highly myopic, which probably 

wms no squint, ' pLafytio dissLations The vertical and 

facilitated the subsequent P , spmratelv Severe paralysis of 

honeontal components may be desor d p ^ and 

elevation of the left eye antedated that m tta ngn ^ 

she first developed Ure tqnmt ira, lost Jmelly mth 

became equally t recurred? the left eye passing into 

Ty^^irlLll"; -lysm of adductieu aeft) oansed that e,e 
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to diverge but later with the more or less equal mvolvement of all the 
honzontal ductions this squint was lost Fmally the left eye passed mto 
well marked convergence because of persistent paralysis of abduction on 
the right The effort of usmg the more paralysed right eye is uneconomical 
and unusual but presumably depends on myopia and poor visual acuity 
on the left 

Torticollis and lid retraction Squint is a disablmg comphcation and 
compensatory torticollis develops unless the squmtmg eye is shielded 
Characteristically the neck is hyperextended so that though the patient 
looks forwards the visual axes are depressed relative to Reid’s base Ime , 
conjugate vision is thus mamtamed But torticollis is also common in 
severe bilateral paralysis of elevation without squint Though with an 
effort the eyes may be raised to, or even beyond, the honzontal the patient 
IS only comfortable with the visual axes 15“ to 20“ below the central position 
and torticollis m extension develops 

Habitual depression of the gaze and torticollis have, m turn, an important 
beanng on the behaviour of the upper hd Lid retraction due to spasm of 
the levator palpebrae causes a wideumg band of sclera to be exposed between 
the free margm of the upper hd and hmbus as the eye turns downwards (8) 
When such hd retraction is combmed with torticollis and habitual depression 
of the gaze, the impression of an exaggerated degree of lid retraction and 
exophthalmos is created, but the charaetenstie posture of the head will 
mdicate the presence of paralysis of elevation 

Another type of hd retraction present m the central position and due 
to over-action of the levator palpebrse m the presence of supenor rectus 
weakness passes off when no effort is made to hold the eyes up, as m the 
position of rest The hd may even appear ptosed But though often 
stated to occur with the ophthalmoplegias of Graves’ disease, ptosis of the 
upper hd is not found if the patient’s head is first placed m the correct 
anatomical position * 

Functional deficiencies in the extrinsic muscles Though at least five 
muscles co-operate m both adduction and abduction of the eye, the mternal 
and external recti have by far the greatest effect and we may assume that 
paralysis of the honzontal ductions m Graves’ disease is due to deficiency 
of these muscles 

With hmited elevation, however, the case is less simple and smce this 
IS the pnncipal ophthalmoplegia it may be exammed in more detail Extreme 
elevation is regularly associated m these patients with a distmct sense of 
stram and muscular fatigue, and may excite conspicuous blinking and 
watermg of the eyes One patient worked m a tobacconist’s shop and 
generally sat down behmd the coimter But she noticed her eyes becommg 
easily tired and soon felt the stram if she had to look up for long, as when a 

* The illusion of ptosis is presumabb created because the fissure noimally nanoirs m the 
down turned position of the eyes In some cases alao protrusion of the upper hd by fat causes 
its Crco bonier to he at an unusualli low leiel relatne to the cornea when the levator b not 
contract mg 
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Elevation of the eye depends nnof the f ^®®^g of strain 
the superior rectus and infenor obhque muscles, 

and often solely the cause of the deficient eirlat,n^^ t® 

lectus paralysis in Graves’ disease Huto h Instances of superior 

u. 16), but the peoS^tZo^Ia <=■ »■ >»• 

been sufiSciently emphasized ^ rtance of this palsy have not 

an.WdTal‘’iSrZ^‘"ir‘‘^™ 

about 25» unth the sagittal plane of the gEieS'l 

o^y MIy effio.ent al-ator“.It£J;Z::^o“a:^”:*-: 

T® Slobe at an angle of nearly 40° and^i^ onlv 

uUy efficient as an elevator in extreme adduction The relative contnbu^ 
tions to elevation made by the two muscles therefore depend on the position 
of the globe, ^ the upturned eye passes from the fully adducted to the 

position the burden of elevatmg it passes smootldy 
nd completely from the inferior obhque to the superior rectus In 
abduction the former acts simply as an abductor The eye is kept straight 
on Its horizontal course solely by the counteractmg pulls of the superior 
and inferior lecti Hence if the former is paralysed the eye tends to " drop ” 
sharply in full abduction In movements straight up from the central 
position the power of the superior rectus predominates (2) Isolated superior 
rectus palsy may therefore be distinguished as follows — m full adduction 
elevation is normal (if the other eye is healthy the axes of the two will he 
conjugate in this position), from the central position, severely limited and 
in moderate abduction, absent , m full abduction the visual axis tends to 
drop sharply * Maximum asymmetry is present in efforts to look upwards 
and outwards toivards the affected side When inferior obhque paralysis 
IS superadded, elevation from the central position approaches zero and the 
eye tends to “ drop ” also m full adduction 

It IS possible by carefully examimng the range of elevation from the 
central position, in full adduction and in moderate abduction, and the plane 
of the eye in full abduction, to estimate roughly the relative importance of 
the superior rectus and inferior obhque m the ophthalmoplegia of elevation 
In 9 eyes paralysis, partial or complete, of the superior rectus occurred 
alone , in no case was there isolated paralysis of the infenor obhque When 
both muscles were involved elevation upwards and mwards was nearly 

* The apex of the cornea may drop 26” or more and close observation ^ 
to bo associated with distinct intorsion of the eye Lookmg 

thus cause mtonso diplopia and vertigo One such patient said that he felt unsafe out ^ dwra 

avoided 
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aWays freer than upwards and outwards, mdicatmg that weakness of the 
inferior oblique was relatively less than that of the supenor rectus Again 
m 3 eyes in which ophthalmoplegia, at first shght, was observed to progress 
steadily and become complete, elevation m moderate abduction was lost 
before that m full adduction Thus we may conclude that supenor rectus 
paralysis is the dommant factor m deficient elevation and that it is highly 
charactenstie of ophthalmoplegia m Graves’ disease * 


The thyrotoxic group 

Incidence of ophthalmoplegia 23 of the 67 patients had limitation of 
one. or more ductions Ophthalmoplegia was generally mild, moderate or 
severe degrees occumng in only 5 eases Mild or moderate degrees of 
ophthalmoplegia frequently occurred m the absence of hd retraction (13 
eyes), exophthalmos (3 eyes) or both (6 eyes) f 

Tlie mcidence may agam be represented diagrammatically — 


/mild 13 


/mild 17 


rmDd 30 

/moderate 2 

21 

[moderate 2 

37 

[moderate 4 

(seiere 1 

A 

1 

(severe 2 

f 

t 

Lseiero 3 


0 < 


■5*- 


1 mild 


mQd 


0 


out 

0 < 



2 mild 


0 


f 

u 


/ 

0 


Ji eye 


h eye 


R and L tya 


As m the ophthalmic group, paralysis of elevation is clearly more 
frequent than that of other ductions Agam it tends to be bilateral and 
symmetncal , it was bilateral m two-thirds of the cases, a proportion higher 
than IS likely to occur by chance, and the mean difference for elevation m 
those with paralysis was only 3 8° ± 3 6°, a value not significantly greater 
than the corresponding figure m controls 

Thus limitation of elevation of the eyes is not uncommon in thyrotoxi- 
cosis But it IS shght and generally overlooked because of its symmetry 
and the consequent absence of diplopia J 

The data m Tables ill and IV both confirm the predommant 
mvolvement of elevation and suggest that, as m the ophthalmic group. 


Bemuse of the tendencN to unequal in\olvement oC the superior rectus and inferior obhuue 
It IS importMt m measurmg elevation to ensure that the eve is raised straight up from the cenhal 

power m the inferior oblique but have lost it in the superior 
wtus may, m forced delation adopt a tnckmo\ement adducting as well as elevatu^the 


abse^ct"of"SShth^rs®‘" “ mdicatmg the 

mmoticed on clmicol examination if compensatory torticollis 
I i°*^i ° of the gaze are nncorreeted Elevation^l thra be tested 

from below the true central position and its range o\ crcstimnted 
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honzontal ductions tend to be more affected than depression The mean 
values for adduction and abduction (Table III) are signiacantly decreased , 
that for depression may be increased slightlj’^* Table iV gives the 
Irequencies of limitation short of ophthalmoplegia, the range evannned 
bemg that between 2 and 3 times the standard deviation belon the normal 
average The combined frequencies of adduction and abduction probabh 
exceed that of depression 

The two patients from the thyrotoxic group with most severe paralysis 
also provide strikmg evidence Their ej'e movements are shown in Table V 


TABLE m 


Range oj eye moumenfs in ihyroloxteoats and differences from normal 



Right eye 

Left eye 

Duction 

V 

• 

D 

I 

0 

V 

D 

I 

0 

A\erage range 
and standard 
de\ itttton jn 
thyrotOMCoaia 

36 8“ 

±0 6“ 

i 

52 0“ 

±5 2“ 

44 4“ 
[±41* 1 

i 46 3“ 

±4 4“ 

j 36 6“ 

±6 r 

62 6“ 

±6 3“ 

40 0“ 

I ±4 2“ 

45 3“ 

.±3 3“ 

A^ orogo normal 
rango minus 
n\ orago in 

tlij rotOMCOSia * 

+6 0“ 

O 

00 

1 

+18“ 

+3 3“' 

+6 8“ 

—2 6" 

+2 8“ 

+18“ 

* Probability that tho ( 

iilTerenco is not significant is less than 2 per cent m each case 


in 


In Cnso 1, the left eye eqmnted downwai^ and “ 

different planes showed a preponderant j *^on Uns side 

In Case 2, the right eye sqimted ’paralysed bnt 

both supenor rectus and inferior ' clearly greater In Case 2 

on the left iveakness of the superior J compared with that 

paralysis of horizontal ductions was pre ^ ^ a are identical 

of elevation Thus the characters of the ^ J ^ g,oup 

with those found in hypertlijoroidism uere present 

SlSrit rSThS - an prenonneeda^^ 

- . m . . nmotion of 
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TABLE IV 


Prchabihty of slight Itmiiafton of eye tnoixmcnti in control and thyrotoxic subjects 


Duction 

U 

D 

I 

0 

Xo of control e^es \nthin range 
(200 ayes) 

4 

1 

1 

0 

0 

Xo of thyrotoxic eyea mthm range 
(113 eves) 

28 

4 

8 

6 

X* value* (1 degree of freedom) 

40 3 

3 09 

13 8 

10 0 


* See pienons footnote 


TABLE V 

Seiere ophthalmoplegia in thyrotoxicosis 


Eye moeernents 



1 Right eye 

Left eye 


V 

D 

B 

1 

1 

0 ) 

1 

1 

B 

D 

B 

0 

1 

Case 1 

34}" 

69° 

41" 

46° 

12}° 

61° 

49° 

43° 

Case 2 

B 

O 

00 

31° 

39° 


62“ 

35° 

474° 


compelled to giTe vp her work In both, thyroidectomy produced great 
ameboration of the general condition 

Correlation of elevation to age An examination of the data relafang to 
the movement chiefly affected, namely elevation, has shown this movement 
to decrease significantly with increasing age * 

Discussion 

Corrdation between clinical and pathological findings The extrinsic 
muscles regularly show a greatly mcreased fat content m thyrotoxicosis (12) 
and It has been here established by measurement that functional deficiency 
IS also relatively common Moreover, like the mcreased muscle fat, 

• The correhttion coefficient tras — 0 35S ± 0 083 
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ophthalmoplegia may occur in the absence of exophthalmos and lid retraction 
The range of elevation of the eye is also correlated to age as is the fat content 
of normal eye muscles The fat content m thyrotoxicosis is proportional 
to the normal fat content of the muscle and is highest in the levator 
palpebrse, spasm of which causes hd retraction, one of the commonest 
clmical signs But there the particular correspondence ends for the fat 
contents of the differdht recti are not correlated with their relative tendency 
to paralysis 


Itelattonshtp of ophihalmoplegta ani hyperthyroidism It is clear that 
in the two groups exammed, ophthalmoplegia is similar m lund hut differs 
in degree In the one, a random hospital sample of thyrotoxicosis, it is 
mild La the other, the ophthalmic group, it is more frequent and severe 
while thyroid function is normal Thus a general mverse relationship is 
demonstrable between the ophthalmoplegia and thyroid manifestations 
But there is much overlappmg of the two components in mdividual cases 
and clearly all the patients are most simply regarded as belongmg to the same 
disease class In particular there is ample evidence, both chnical and 
pathological, that disorders in the extrmsio muscles are an integral featum 
even of patients at the thyrotoxic end of the range Th^ no support has 
been foimd for Brain’s claim (1) that “exophthalmic ophthatooplegia is 
a ayndrome aeparate and distmet from Gravrf More leeenfly 

Hertz Means and Wilhams (4) have developed the thesis that them are tvo 

orbrtal tones rs the toe“£“SSl by oenlar changes 

As suggested previously (11) the type cnarac ^ 

without hypertbyroidiem is *>“* y ^ 

toeaae and not as a ayndrome ".^“^jTawSd problem m 

strongly onpported by the ]^aentda^^ ^ g . 

nomenclature If v'e classify thvrotoxic forms, we employ the 

dreeaae. referrmg to Lnetrona Thus many 

a dmtmotly mder whatever and the term 



smce, 


LV 

' exophthalmic ophthalmo- 

,lmic loims unuci Dvaxaaa — as stated, both 

” (1) ov “ mahgoant exophthalmos (J) ^ 
plegia V-*-! , Tvii+iuilmos may be absent 

ophthalmoplegia and exophthalmos may 


Graves meease nao „ 

ophthalnue ferns under some f <3 

pLa” (1) or aliei 


Conclusions 

1 Ophthalmople^ moves’ di^etem^^^^ ^^^Watol and h 

ueU-defined pattern Paraly 
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and seventy It depends pnmanly on ■weakness of the supenor rectus 
muscle Taken together the horizontal dnctions are more liable to paralysis 
than depression Paralytic squint is a frequent comphcation and depends 
on asymmetry m the power of correspondmg recti 

2 There is a general inverse relationship between ophthalmoplegia 
and hyperthyroidism m Graves’ disease The e-^ression, “ Graves’ disease,” 
may convemently be used to include ophthalmic forms, m which hyper- 
thyroidism IS shght or absent, as well as ordinary th3rTOto'sacosis Disorders 
of the eye muscles are an mtegral feature of both In the ophthalmic forms 
ophthalmoplegia differs m degree not m kmd from that m thyrotovicosis 
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BULGDfG OF THE EYELIDS WITH EXOPHTHALMOS 


By F F RUXDLE* and C W WILSOX t 
{From the Westminster Hospital School of Medicine ) 


Refebesce has been made (4) to fatty swellmg of the lids occurring •with 
exophthalmos m thyrotoxicosis In this paper its dimcal characteristics 
and mechanism are more fully examm.d Such swelling is not confined to 
patients ■with Graves’ disease but is found m a variety of conditions 
charactenzed by over fillin g of the orbit and exophthalmos It is, m fact, 
simply a protrusion of the normal hd and is not due to oedema of the palpebral 
tissues as generally stated The term, “ exophthalmos,” is used here to 
denote abnormal protrusion of the eyeball 

Normally the cone-shaped, bony cavity of the orbit is filled by the 
globe and its adnexa 'Only the antenor boundary, formed by the globe 
and hds, is mobile and distensible without destruction Variations m its 
plane, m the direction of protrusion or recession, accurately reflect changes 
m the degree of orbital fiUmg Even the smallest increases necessarily 
cause some protrusion of the globe and hds Exophthalmos is an arrestmg 
phenomenon but the cognate sign, hd protrusion, to which far less attention 
has been paid, is at least equally important The latter has well-defined 
chmcal appearances and is not subject to the vagaries that influence the 
appearance of exophthalmos It thus provides a sohd basis forestimatmg 
the extent of pathological conditions m the orbit 


Variations tn the plane of the lids 

Normal relationship of the globe and lids The plane of the orbital 
opemng or outlet is taken as the vertical plane passmg through the medial 
and lateral orbital margins at their mid-pomts It cuts the eyeball 
approximately at its equator where the diameter averages 23 Trim The 
shape and area of the opemng are roughly those of a circle of diameter 
38 mm (5) Thus the eve occupies only some four-tenths of the opemng , 
the major part of its extent is taken up by extra -ocular tissues lymg directly 
deep to the hds 


• Aided bv a grant from the Aledical Research Conncil 
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In normal subjects, "when the eye is lightly closed, the globe forms a 
rounded, centrally-placed elevation Below and on either side tlio hds pass 
smoothly off it and he in the plane of the cheek and commissures where 
they cover the peribulbar tissues Above there is a groove between the - 
prominence of the globe and the supra-orbitnl ridge Its depth vanes 
but it IS usually shallow 

Secesaion of the hds In wasting of the orbital tissues the eye is 
sunken The hds are receded where they he on the adne\a round the 
globe Instead of a shallow groove above, there is a deep crei asse extending 
up under the orbital margin (Fig 5) This crevasse becomes rapidh 
shallow'er towards the commissures , a distmct localized recess may bo seen 


in the region below the level of the trochlea on the inner side The lower 
hd IS also sunken to a deeper plane than the skm overljmg the inferior 
orbital margm especially towards the outer side 

Bulging of the hds Bulgmg of the hds due to prolapsmg fat has well- 
defined chmeal appearances In the upper hd these are best observed with 
the eye closed, in the lower with the eye open Shght, moderate and 
considerable degrees of bulgmg are roughly distmguishable 

Shght bulgmg of the upper hd is generally first apparent above and 
lateral to the prommence of the globe, the normal supra-bulbar groove 
being lost A loeahzed dome-shaped swelling also appeam m the infra- 
trooUear region of the hdt In moderate of to lotto 

enlarges and extends laterally to mute mth to follness above «» glote 
me^Llon betneen to two may result m a narrow 

stijzi'ta”'.,.; '-s 

become pendulous and overhang the sfa illustrated hyBurch(l) 

this and the inner canthus as m the ^ ^ ^o^^nded contour 

andDatluo(2) I-”*™? region In profflo 

and IS iwdely eontinuoim with ‘I*® „ to level of to eyobroa 

to latter appears as a bLd and sausage-sliaped, loHmg 

SeXem It ma^^ven o^top the hd margin and eyelashes t O e^ 


of .h. now tosh 

U„p*eS.» d to 
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tlie whole lid appears Tunformly and grossly distended and its surface extent 
much greater than normal (Fig 10) In profile its outhne then sweeps down 
m a full unbroken arc mcorporating the pronunence due to the globe 
Lateral to the supra-bulbar region, the fullness broadens and extends on to 
the forehead in the region of the lateral angular process 

In the lower hd shght bulgmg is mdicated when its surface is raised 
above that of the adjacent cheek Gfenerally there is a firm, localized 
swellmg just above the junction of the inferior and lateral orbital mar gins 
In moderate degrees the bulgmg extends medio-laterally and widens from 
above down When considerable, it mvolves the whole of the bd but is 
usually most marked laterally where it becomes pendulous and overlaps the 
malar bone * Occasionally two bulges are distmguishable in the general 
fullness of the lower lid, the one mediaUy the other laterally 


Prolapsing orbital fat as the cause of the bulging 

It IS qmte clear that the bulgmg is due not to oedema of the palpebral 
tissues but to protrusion by orbital fat Evidence for this has been adduced 
elsewhere (4) and may be supplemented here In marked degrees of bulgmg 
of the lower Ud the prolapsed orbital tissue can be felt, as the finger-tips 
press hghtly downwards and backwards, slippmg back over the inferior 
orbital margm, mto the orbit Concomitantly the globe protrudes by as 
much as 3 mm Occasionally too m the upper M the margm of the tissue 
prolapsmg on to the lateral angular process can be felt as it is reduced into 
the orbit 

The behaviour of these swellmgs with dnction movements of the eye 
IS also highly significant and is beat observed m the lower bd Here, elevation 
IS normally associated with sbght bulgmg, depression with recession and 
creasing, these changes bemg clearly due to correspondmg forward and 
backward rotation of the fatty adnexa below the globe , this fact can be 
verified by simply retracting the bd and observing the movements of the 
adnexa dnnng elevation and depression When the bd is already bulged, 
the bulgmg is accentuated by elevation, diminished by depression ^ig 
11 and 12) The changes reproduce m exaggerated form those occurrmg 
m the normal bd with these ductions, being such as would result from 
excess of fatty adnexa below the globe Moreover the agent responsible 
for the bulgmg is clearly deep to the bd and not m its substance 

Finally, careful post-mortem dissections were made in two cases of 
Graves’ disease m which considerable bulging was present The findings 


* It 13 clear from dissections that the orbital fat is more free to overlap the bones adjacent 
to the orbital margm laterallv than mediaUv both above and below On the inner side below 
the dense fascia bmdmg the sInn of the cheek to the malar bone extends right up to the orbital 
margin before givmg place to the lax orbital septum but on the outer side it stops short some 
distance from it Above and laterally also the septum appeoro to become stretched forming a 
recess between the skm of the evebrow region and the lateral angular process 



34 


BUNDLE AND WILSON 


were sumlar in both The "upper and lower hds were found to be normal in 
thicluiess and no e'l^dence of excess fluid was found in the planes of 
dissection Deep to the upper lid lay a large, smooth comma-shaped mass 
of fat Its globose head occupied the infra-troclilear region and its broad 
tail extended laterally above the levator expansion * When the lid feU 
back into place it was evident that this fatty mass was the proximate cause 
of its bulging Sunilarly, deep to the lower hd an abundant fatty mass 
protruded and overhung the malar bone Further dissection, after 
removing the roof of the orbit, showed that this subpalpebral fat was 
directly continuous with, and merely formed a forward extension of, the 
pen- and retrobulbar fat of the orbit proper 

[Extension forwards occurs through three principal anatomical hiatuses 
(i) between the supenor orbital margin and levator palpebrse expansion 
(u) around the termmal ophthalmic vessels below the trochlea and tendon of 
the supenor obhque and (m) between the inferior obhque muscle, hgament 
of Lockwood and lateial palpebral hgament above and the mfero-latoral 
margm of the oibit below There is a subsidiary hiatus (iv) below, which 
hes above and medial to the mferior oblique (Fig 1) 



1 Diagram of deop relations of the 

cLodpa^bralfiasure 

and tho peripheral zone, The lacrimal gland (LG) may also become 

levator palpebmidcpansion IS seen incut 


1 ^ f o “ suaces ” bounded antenorly by the deep 

All these hiatuses lead mt P and second hiatuses are 

fascia of the hds Those corresp g j ^ator expansion Sm^orly 

a front of tho nnen — -T-^^ 


m fiont ot 
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Differentiation from oedema of the lids Effusions readily occur into 
tlie lax layer between tbe skin and orbicularis ocub and the resulting 
swelling takes roughly the same shape as in marked protrusion by fat But 
pittmg on pressure is readily ehcited especially in the lower hd which can be 
compressed against the malar bone In the upper lid, gentle pressure against 
the globe, with the eye closed, also results m a well-defined imprint if much 
oedema is present However marked the bulgmg m Graves’ disease, the 
hds do not pit on pressure 

Oedema affects the lids diffusely, extends to their free borders and may 
also mvolve the neighbouring cheek or temple though here, the subcutaneous 
tissue bemg denser, swellmg is less pronounced Duction movements have 
very httle effect on marked oedematous swellmg presumably because the 
oedema fltud is subcuticular and superficial to the orbital septum which, m 
the lower lid, is drawn m on depression 

Gravity strongly mfiuences the distribution of swellmg due to oedema 
but that of fatty protrusion is governed by anatomical factors Thus it 
may be distmctly localized and even when generalized it is lumpy and most 
evident towards the orbital margins (Fig 6) f 

TABLE I 


CorreJatton belicun txophthalmomeUr reading and degree of ltd protrusion (173 eyes) 
The figures give the total number of eyes with the reading and protrusion indicated 
One of the 87 patients had one eye only 


Lid protrusion.* 
Ezophtbalmometer 
readmg m mm t 

2 

— 1 

0 

+i 

+2 

J-3 

-t-4 

-i-5 

J-6 

Mean 

hd protrusion 

12 0—13 75 

o 

2 

2 







—1 

14 0—15 75 

2 

2 

IS 







—03 

16 0—17 75 


2 

21 

6 

1 





-«-0 2 

18 0—19 lO 



10 

9 

3 

1 




+0-8 

20 0—21 75 



4 

14 

9 

7 




-1-1 6 

22 0—23 75 



2 

8 

8 

3 

4 

3 

1 

-2 4 

24 0—25 75 





1 

6 

1 

3 

3 

+il 

20 0—27 75 





1 

8 

3 

3 

3 1 

+4 0 


• Values — 2 to -f 6 represent the total degree of bd protrusion and were derived as follows — 
if the lid were sunken to any degree it was given a weight of — 1 if neither sunken nor full, a 
weight of 0 if protruded shghtlv moderately or considerable weights of -i- 1 —2 -*-3 respective!} 
The total value for any eve may thus range between — ^2 and ->-6 

t The exophthalmomctcr readings were made with Hcrtcl s instrument from the lateral 
orbital margins the a\ erage \ alue in controls by the same method is 16 9 — 1 8 mm The 
upper normal limit is not less than 23 0 ttitti 


t In a large number of 3 >aticnts with Graves disease bulgmg of the hds bus been found, 
without eveeption to be due to protrusion bv peribulbar fat In a small but random sample 
of G patients with orbital tumour it was clearly due to protrusion by fat m 5 In the sixth there 
was severe oedema the growth had infiltrated the subpalpebral tissues on the mner side and 
ulcerated at one point near the medial commissure 
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Correlation bettaeen degree of ltd protrusion and proptosis 

It was noted previously that when the lids are bulged, pressure back 
on any one of the three structures, globe, upper or lower lid causes 
corresponding, further protrusion of the other two (4) The globe and hds 
may evidently be regarded as interdependent parte of a highly mobile 
antenor “ diaphragm ” with respect to the orbital tissues 

The correlation between lid protrusion and exophthalmometer reading, 
in a random sample of 87 patients with Graves’ disease is shown m Table I * 
Low readmga are associated with normal or sunken hds and high readmgs 
with protruded lids But the correlation is shown even more convincingly 
in individual patients who provide their own control, namely those mth 
unilateral exophthalmos and those observed durmg the development and 
remission of exophthalmos In the former the unaffected eye provides the 
base hne and a correlative degree of Ud protrusion is found associated vifch 
the proptosed eye In the latter, protrusion of the hds is seen to develop 
concomitantly with exophthalmos Thus m one patient mth Graves 
tease, there was oaly sUght bolgmg of the left 'If 

exophthalmos at her first attendanoe Sahsequently she derdoped 0-7 mm 

of 4 Sm of exophthalmos, protramoe of aU four hds became ooumderahle 

'"^Lr^m'^’o^ofveuoustomem^^^^^ 

vems regularly tThoft were eeuardemhly bulged 

protruding pan pasm mth the g pressure on the vems was 

Mechames of exopUheamm mid hi prdnwTO 

It has been shown (4) that the P'f detmme to 

the d^o of filhug of 

plane of the hds The ^ ^tog molten paraffin wax 

„eeae ,s ^.vmgtoptangerh^^ 

back towards tb p — 
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IS essential , otherwise wax solidifies m the needle Between injections, 
wax, syringe and needle are kept warm over a spint-laxnp 

Visible sharp protrusion of the globe and lids occurs dnnng the actual 
injections 

Prolruston of the globe The proptosis occurring in a senes of 
expenments is shown m Fig 2 m which the exophthalmometer readings 
are plotted against the volume of solid wax injected 



Fig 2 Proptosu resulting from the mjection of wax mto the retrobulhar apace post mortem 
Each cime represents one experiment, ocular protrusion (mm ) bemg platted against the 
\oIame (c e ) of solid was mtroduced. 


The general shape of the curves is similar , the greatest protrusion per 
unit of wax mjected occurs in the initial stage There is then a transition, 
more or less gradual, to a tenmnal phase m which the protrusion per mjected 
umt IS much reduced 
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proved »» 

orbrtal toour £ 1 hlaZn^: 

«!. then throngh eU degrees of 

egree eventually exceeds any seen clmically Terminally m fact it 
mainly the bds which protrude nninaiiy, m lact, it is 

,1 ff ^ ^®Sree of lid protrusion and proptosis associated uith 

different ranges of orbital filling m six experiments 


TABLE u 


Conelahon between Etiitl exaphthalmometer reading, orbital /tiling and protfuswn of Me 


lUcon 

Hertol reading 
mm 

9 O’* 

ICl 

19 6 

23 0 

26 2 

27 2 

Orbital 
filling 
(per cent ) 

fiI-00 

Cl-70 

71-80 

81-90 

91-100 

101-110 

Mean degree 
of hd 

protrusion f 

—2 0 

—04 

+ 17 

+3 8 

+5 6 

>+D0 


* Based on curve 1 (Fig 2) only 

fTho ^aIuo, >+fl, means that both lids were considerably swollen, by clinical standards, 
at a filling mdo\ lower than tins 


Thus, when the lids were receded the orbital contents occupied less than 
60 per cent of the cavity, their anterior plane was normal at about 70 per 
cent filhng and considerably bulged at more than 95 per cent filhng * 
Associated changes deserve mention In the later stages of each 
experiment, the upper hd became distinctly ptosed and covered most of 
the cornea Close observation during the actual mjections showed it to 

drop sharply while the lower hd retracted shghtly 

When overfilling of the orbit became extreme the lacrimal caruncle 
and conjunctiva of the medial, inferior and lateral toces. but not the 
supenor. appeared to be crowded forwards The earuncle 
the fissure and the conjunctiva became thrown up into a fold ^ 
Se border of the lower lid Even post-mortem to heaped-up redundant 
conjunctiva gave the strong visual impression of cedema , j 

to S'®™ of 

whereas preTOnaly it wee soft and yieldmg d3.ns a classioal^ 

rowa. "»»' 


aubjccta respocti\ely (4) 
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tnmoBT -was reproduced presumably because sobdified wax already impinged 
on the globe At the end of the experiments dissection showed the orbital 
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cavity to be tightly packed with wax which largely disrupted and replaced 
the normal structures It pressed on the posterior aspect of the globe and 
pushed the penbulbar fatty tissue forwards m a thin layer beneath the hds 
Depth-iohme rdahonsUp as the orbit fills A depth-volume curve of 
the orbit (hereinafter referred to simply as an orbital curve) may be 
constructed as foUons — the orbital contents are removed and leakage 
prevented by smearmg the walls with molten wax The orbit is tlien 
gradually filled with water from a record syringe, 2 c c bemg run in at a 
time After each addition the distance of the surface of the water from the 
outlet is measured with a depth gauge , thus the depth of filling is derived 
Orbital curves from a senes of post-mortems may be compared with 
those of the corresponding perfect cones (E^g 3) The angle of the cone is 
derived m each case from the final readmgs for depth and volume of the 
orbit A theoretical curve (the conical curve) of the volumes corresponding 


to different depths can thus be constructed 

Each orbital curve resembles that of the correspondu^ cone but close 
examination shows that its final part is practically a straight hne Thus 
beyond a certam point the volume/depth ratio is constant Beyond that 
point the area of cross-section must therefore be the same Tims the 
posterior part of the orbit fills as a cone, the fore part as a cyhndroid * 
Comparison of overfilling curve with other curves This may first be 
made with respect to a particular orbit, data from which are plotted m 
Ihc 4 The orbital and comcal curves were obtamed as for the orbits m 
Fie 3 Smee volume is plotted agamst depth, the gradient of the curves 
doarly dopmds on the area of orore-reoton of the adTonemg bare teps 
in eriwlient desonbe changes m area of the protruding eeotion The point, 
depth tolhieh soft teeoee the orbit before mjec^re 
of “an oommenoed The gradient of vanom enivee beyond D may aow be 


'”“^iir different curves are sho-im, eraiplo 

and oonioal ourves (the extended orbital oarri) 

the onrve actually obtamed when war ™ tliS of tto 

and the curve that would resdt if the injee extended orbital 

ayebaU alone (oeular curve)! of the former » 

oirvos represent elongatmg oyhnders , tiie seeten^ 

1 — : , wnlntnn rolntjona of tho OTntenw 


curves repi«jsexi« e r-onteoU 


close From measurein^« va j the KopMftaimom»™ vS of the orbital 
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s® JO 10 0 

\OLUME OF ORBITAL COVTENTS fccj 

Fig 4 Comparison of different modes of orbital overSUmg Protrusion of the anterior surface 
of the contents (mm.) is plotted against mcrease m then- volume (c c ) The curve of 
proptostt obtamed m the experiment and other theoretical curves ate superimposed on the 
depth filling curse of the orbit, at the point D -which marlws the actual fil fmy nnor to 
injections 
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It IS evident that the gradient of the overfillmg curve differs sharplj 
from those of the ocular and extended eomcal curves hut is rouglily parallel, 
over most of its range, with that of the extended orbital curve Since the 
latter corresponds to a cylmdroid of the same sectional area as the forepart 
of the orbit we may conclude that, for most of the overfillmg range, the whole 
antenor face of the orbital contents, and therefore both the globe and lids 
are protruding pan pa^ssu Departures from the general parallelism between 
these two curves occur m the early and late parts of the range The more 
gradual gradient at the begininng of the mjections corresponds with a 
smaller area of protrusion This might result from some tapermg of the 
orbital cavity beyond the plane D but this seems unlikely for the altered 
gradient is mamtamed for only a few millimetres before the former gradient 
is regamed A more likely explanaiaon appears to be that the globe and 
tissues immediately round it at first yield more readily than those more 
peripherally placed But clearly the sectional area of protrusion never 
contracted to that of the globe alone 

The termmal sharp increase m the gradient of the overfilbng curve is 
very strikmg Proptosis is maximal and mcreases httle m spite of further 
iniections This may result from maximal extension of the optic nerve, 
the additional wax spreadmg forwards round the globe and centnfugaUy 
into the hds , this and overflowmg of the orbital margins was verified at 


Slwmg agam to Fig 2 we see that the shape of the several 
curves is siLlar When each was compared with the correspondmg 

ohaiaotenstic tendencies nnder the expenmental conditio 


Glimcal observahmis on orbital overfilling 

Exophthalmos may to\ts 

js olear that mdulgenoo m general nusleadmg theones ooncemmg 

rn Graves’ dmease. has been demonstrated for te 

ca use some exophthalm^ 

proliSwn of the globe 
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Dispanty between the bulk of the contents and capacity of the orbit, 
may, of course arise from a wide variety of clinical conditions but some 
expression such as orbital overfilling, overcrowding or disproportion is 
necessary to describe their basic and common pathology In its stnct 
sense exophthalmos is only one of the consequent signs Lid protrusion is 
certamly another It remains for cluneal investigation to determine others 
and so to decide u hich of the manifold eye signs described m Graves’ disease 
are exphcable on this simple basis Unfortunately “ exophthalmos ” is 
often used m an ommbus sense to describe all such cognate signs 

Application to clinical diagnosis It is useful to examine the plane of 
the hds with the eyes lightly closed The general impression of exophthalmos 
depends on an mcreased extent of the globe’s surface bemg exposed m the 
palpebral fissure In simple retraction of the upper lid in Graves’ disease, 
or of both lids m conditions of sympathetic excitation, an illusion of 
considerable exophthalmos may be created But when such cases are 
exammed with the eyes hghtly closed such fallacies are avoided , the absence 
of bulgmg may enable the presence of any appreciable degree of overfilling 
or exophthalmos to be excluded at once 

On the other hand positive evidence of lid protrusion may determine 
the diagnosis of overfiUing and exophthalmos as m the following case — 

Case 1 A man aged 74, found subsequently to be suffermg from a 
small tumour of the R orbit, complamed of double-vision and supra-orbital 
pam (Fig 6) The exophthahnometer readmg (Hertel) was R 18 0 , L 
13 75 mm 

With the head m the normal anatomical position and the gaze directed 
forwards the upper hd on the right side was shghtly full , the plane of the 
lower hd was sensibly normal , there was no evidence of paralysis of the 
levator palpebrse or orbioulans ocuh But on the left side the upper hd 
was markedly sunken , the suprabulbar groove extended far up under 
the superior orbital margm, its depth, measured from the orbital margm, 
varymg between 9-14 mm at different pomts The left lower hd was shghtly 
sunken 

Proptosis of 4 25 mm was thus associated with a comparable degree 
of hd protrusion In normal subjects the readmgs for the two eyes may 
differ by 3 0 mm or more but the hds are symmetneal Thus m a senes of 
89 control subjects a difference of 2 mm was exceeded only once, the value 
bemg 2 75 mm , there was no associated asjmmetry m the plane of the 
hds with the eyes hghtly closed Such differences m controls may depend 
more upon local anatomical factors affeotmg the basehne upon which the 
mstmment rests, or the shape of the eyeball, than upon eqmvalent differences 
m the degree of fi llin g of the two orbits Without confirmation from asym- 
metry of the hds the diagnosis of overfilhng and exophthalmos m this case 
would have remamed doubtful 
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Finally it is instructive to consider the right eye m another patient 
(Figs 7 and 8) Here extreme overfilling of the orbit and exophthalmos 
could have been deduced even though the usual olmical cntena of the latter 
were lacking It was actually known (from senal measurements) that the 
right eye was proptosed by at least 6 6 mm but there was no tmdue widening 
of the fissure on this side and no band of sclera visible between the lover 
lid margm and limbus , in fact the hd margm covered ^ mm cornea * 
The exophthalmometer reading, 22 76 mm , though well above the average 
measurement in controls is not absolutely abnormal, the upper hmit of 
normal being at least 23 0 mm But clearly from the manifest extreme 
protrusion of the hds a severe degree of overfiUmg and exophthalmos could 
also have been inferred 


CoNcmtfSioKS 

Vanations in the plane of the eyehds, sunken, normal or bulged, reflect 
correspondmg variations in the degree of orbital filling as do correlative 
changes in position of the eye The chmeal characters of sunken and 
bulged hds are well-defined and, together with the exophthalmometer reading, 
enable departures fix)m the average degree of filbng to be detected 
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THE ORBITAL TISSUES IN THYROTOXICOSIS 
A QUANTITATIVE ANALYSIS RELATING TO 
EXOPHTHALMOS =*= 


By F F RUNDLE and E E POC±LlN 

{From the Westminster Hospital School of Medicine, and the Department of 
Clinical Research, University College Hospital Medical School ) 


The orbital contents have been examined m a senes of 17 thyrotoxic cases 
and compared •vnth controls f The average -weight of the orhital tissues 
IS found to be mcreased m the thyrotoxic group owing largely to an mcrease 
in fat content The increased bulk and fat content are correlated -with the 
degree of exophthalmos present Certain changes m the composition of 
the tissues are found to be characteristic of thyrotoxicosis -whether eye 
signs have been present climcally or not 

Post-mortem recession of the eye 

In normal subjects the eye recedes after death by about 2 5 ttitti -with 
the onset of ngor mortis % Measurements in thyrotoxic cases -with 
exophthahnos show recession to occur but it is no greater than in normals 
(Table I) This persistence of exophthalmos after death mdicates that the 
decisive factor m its mamtenance cannot be a locally raised vascular pressure 
and IS unlikely to be muscular spasm Previous reports as to the beha-viour 
of exophthalmos after death are conflictmg and unsupported by measurement 
It IS clear ftom Table I that even measurements, if on smgle cases, might be 
misleadmg It is likely m addition that hd retraction may m some instances 
have been confused -with exophthalmos clmically , its disappearance after 
death would then abolish the illusion of exophthalmos that it had created 


* W ork. undertaken on behalf of the Medical Research Council 

indebted to A B Bratton, Dr Lucy Wills, Dr T Belt, Dr Bentley Fnrchafe 
and Dr >i Ashton for access to material 

XJn nonnal (1 case) and th'\TotoDC (1 case) subjects it was noted that there was no recession 
unnraotely after death but that sabsequentl^ when the body was cold and ngor mortis weD 
established recession had occurred as us^ (Table I) 
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TABLF I 

Differences tn exaphthalmometer readveg before and after death 

Readings in nun negative \alues signifying postmortem recession of the cjo Pnch 
hno represents one subject 


ThyrotOMO cases 

with ONophthalinos 


R Eye 

L Eye 

Mean 

—35 

—3 25 

—34 

—30 

—30 

—30 

—30 

—30 

—30 

—4 26 

—4 26 

—4 25 

—20 

+0 26 

—09 

— 2 25 

—3 26 

—2 76 

—26 

—30 

—2 78 


Wean value — 2 88 Stondai-d error of mean -t 0 38 


Thj'Totozic cases 

without exophthalmos 


—40 
—115 
—26 
—2 26 
—30 


—2 76 
—15 
—125 
—2 75 
—20 


—34 

—16 

—10 

—26 

—26 


Mean value —2 38 Standard error of mean ± 0 31 


Control COSOS 


—20 
—2 26 
—40 
—6 76 
—36 
—0 26 
—4 26 
—66 
—25 
—26 
+0 6 
—20 
—26 
—20 


—20 
—20 
—176 
—46 
—2 26 
—0 25 
—30 
—66 
—36 
00 

—20 

—26 


—20 
—21 
—29 
—61 
—29 
— 0 25 
—36 
—60 
—30 
—12 
+0 6 
—20 
—26 
—20 


Mean Value -2 60 Standard error of mean ± 0 46 


The mean voluos do nob differ aigmficantly 

It 18 evident that, if the posi^n of ""intreased ^ 

by the bulk of orbital tissue J the peisisteuce after death 

“ “ 5^hatac oases of the p.ese„t sen«, 


firmed at an opoi**"™** --t ,b forwards ow, ot 

f fo+f-tr tissue wore found bulging bv a simple test 
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Method of examxmng orbital tissues 


The entire orbital contents from lids to apex of orbit were dissected and 
removed m a clean sweep The volume of the orbital cavity was then 
measured The various tissues were weighed fresh, after drymg and after 
subsequent extraction with ether Thus the fresh weight of any structure 
or its aqueous, fatty, and dry fat-free fractions could be determmed and 
expressed m proportion to the orbital volume * 


Duscetion tcehni^e The eyelids limit the orbital contents anteriorly working first from 
m front they were raised from the subjacent tissues m the following wav The conjunctiva was 
diinded along the upper margm of the superior tarsal plate and the cutaneous insertion of the 
le\ ator palpebne severed Bv u troducing the pomts of dissectmg scissors in diSeient directions 
and separating the blades the hd was now raised m the plane of its deep fascia, the orbital septum, 
as far up as the supia-orbital ndge The lower hd was similarlv freed ^m the pen bulbar 
tissues nntfi the inferior orbital moigm was plainly identified The medial end lateral palpebral 
ligaments were then severed close to the bone 

B orkmg Cram inside the skull the roof of the orbit was removed as far back as the apex, 
takmg core, however to preserve the medial and postem-laterol walls mtact The periorbita 
were mcised longitudmalU and the frontal ncne resected and discarded The levator palpebrse 
superior rectus and superior oblique muscles were next dissected from their beds cleaned and 
divided antenorlv at their musculo tendmous junctions m each case, and posteriorly at the 
extreme apex of the orbit The lachrvmal gland was then cleaned and removed. Often rt 
merged insensibly into the surroundmg fibre fattv tissue , tissue of doubtful nature was left m. 
the residue A smppet of orbital fat was then taken from withm the muscle cone 

The trochlea was next detached and the soft tissues separated &om the orbital margins 
and anterior parts of the bonv walls The eyeball was then displaced upwards and backwards 
and the infenor obhque divided at its bony attachment The globe and its adnexa wore ftither 
raised and the periorbita stripped up as for back as the apex here the optic nerve and muscle 
attachments were divided. The dissection was completed on a slab , the medial rectus infenor 
obhque infenor and lateral recti were cleaned and removed m that order The optie nerve 
and eyeball were dissected from orbital fat and Tenon s capsule AH the latter fibro fatty tissue 
formed the residue 


The orbital volume was measured by plnggmg the cavity with plasticme The antenor 
face of the plasticme was shgbtiv curved so os to tun from the superior to the infenor orbital 
margm through the horizontal hno joining the midpomts of the medial and lateral margins of the 
orbital outlet Bacb orbit was fiU^ three times the volumes of the masses were obtamed by 
weighing m air and water and the mean of the three estmiates taken as the volume for that orbit 
The techmquo of dissection was modified m patients m whom penmssion to open the sknll 
was not obtained The whole removal had then to bo done from m front The recti and obliqno 
muscles wer^nded at their bulbar attachments and the optic nerve severed some 6 mm behmd 
the globe T^o globe wm removed As before the upper and lower hds were raised m the plane 
of the orbital septinn. The medial and lateral palpebral hgaments the trochlea and infenor 
obhque were nert dn-ided close to bone and the surrounding soft tissues with the penorbita 
the orbital margins and walls back to the apex Then retracting the tissues 
fuUj to the inner the optic nerve and muscles were divided flush with the apex usme sham 
cu^^ECiMore The sp^imen was then dissected on a slab Measurement of the volunfe of the 
orbit was facilitated m these cases , plasticme was sunply plugged m to fill it to the of the 
Opening * 


Weighing and analysis Each, eye muscle, the lachrymal gland and the 
small sample (0 5 to 1 0 g ) of orbital fatty tissue -were received mto small, 
■weighed, stoppered bottles and weighed The residual tissues (exclndim^ 
the globe, optic and frontal nerves) were collected mto a weighed bottle 
and weighed 


^de range of variation m 

thcTbit ^ structures van^th the volume of 

of the orbit^ ' ^ ^ ‘he ratio of the bulk of the tissues to the capacity 
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tissues are greatest m bulk and rea^ Tr], The residual 

samples dry in about 4 hours It S ’ the remaining 

of the residues, to verify the comnlftten ^^"'^‘iWe, at least m the case 
after a further period in 

if^'.SisSTSS'?? 

m 2 hours The resulting 4 fatLZ4s frfrard°LIro\ZC 
^kch can be transferred and weighed separately m a watch glass witSt 
Realty Chloroform was used for extraction m certam Lher casTs 
On comparing the amounts extracted from orbital tissues by chloroform 

difference was found and these earher results have been included 
with the others 

Samples of other skeletal muscles and body fat were taken and analysed 
m the same way 

Additional data The followmg additional data were also obtained — 
Sex, age, diagnosis and cause of death 


State at death obese , normal or httle wasted , severely wasted , 
oedematous Controls were grouped m these four categories 

Hertel exophthalmometer readmg (post-mortem and sometimes ante 
mortem) This measurement gives the horizontal projection of 
the corneal apex beyond the lateral orbital margm, m mm 

Samples were taken of infrahyoid muscle from just below the hyoid 
attachment , tongue from the midlme near the dorsum , rectus 
abdommus, from the umbilical level , fat from the omentum or 
the ahdommal wall 


The specific gravity of the pooled orbital tissues was detennmed m a 
few cases by finding the volume of water required to fill a vessel, contaimng 
them, to a given mark An average value of 0 96 g per c o was found 

In two cases a detailed dissection and analysis of the residual orbital 
tissues was earned out 


Results 

The average volume of the orbital cavity is 26 c c , 70 per cent of which 
in normal controls is occupied by retro- and pen-bulbar structures The 
average weight of these structures is 18 9 g , which is made up of eye muscles, 
3 3b, kotaynml gland, 0 66 g and fibro-fatty residue, 15 g Of the tet 
atolt 12 g « reSign^able fat, 2 5 g Tenon's capsule, 0 1 g nerves and 
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0 2 g blood vessels , but m the ftesh specimen accurate dissection of these 
constituents is impossible and the residue has therefore been examined 
as a urhole except m a very feu* cases 

In the folloTnng sections the expression “ orbital tissues ” refers to 
all the orbital structures lying behmd and round the eye excludmg the optic 
and frontal nerves “ Residual tissues ” refer to those remaimng after 
removal of the extnnsic muscles and lachrymal gland from the orbital tissues 
The component of a tissue extracted by ether is referred to as “ fat ” Smce 
comparisons are primarily between particular findings m the thyrotoxic 
and control groups, differences withm the control group due to wastmg, 
oedema, age, and sex are discussed as they arise 

Protrusion of the eye In normal controls the average post-mortem 
exophthahnometer readmg was 16 0 mm but extreme values of 0 and 21 
mm were observed In wasted controls the average value was lower and 
in obese subjects higher than m normal controls 

The wide range m prommence of the eye among controls renders it 
impossible to state the amount of exophthalmos present in any thyrotoxic 
subject except when previous readings have been obtamed on the same case 
Similarly, although marked exophthalmos is readily recognisable chmcally, 
nunor degrees fall withm the range of normal variation and may be 
impossible to diagnose even when the effects of concomitant hd retraction 
are allowed for Thus no exact subdivision is possible but m the present 
senes of 17 thyrotoxic cases — (a) 8 were regarded chmcally as havmg no 
exophthalmos, (6) a further 5 were descnbed as havmg exophthalmos but 
were not seen by us before death In view of the frequent confusion between 
hd retraction and exophthalmos the diagnoses m this group are uncertam 
but two had both high exophthahnometer readmgs and considerable 
protrusion of the hds post-mortem, and were probably exophthalmic 
(c) The lemammg 4 cases uere seen by us and were regarded as havmg 
exophthalmos m considerable degree and of typical appearance In one, 
senal exopbthalmometer readmgs dunng life had demonstrated an mcreasmg 
exophthalmos and the other 3 had swellmg of the hds before and after 
death 

The exophthalmometer readmgs are given m Table II 

Although such readmgs may be unrehable m mdividual cases, the 
aierage values for the groups agree with the clmical diagnosis It may be 
assumed that certainly 4 and probably 6 of our thyrotoxic cases had typical 
exophthalmos to an average extent of about 4 mm * 


* not nece-sarilv represent the froqnenev of exophthalmos m thyioto-ac subjects 

comini; to post mortem since we crere obtammg access to inatcml from o number of sources 
and with special reference to CToplithnlnio^ 
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tabIjE n 

__ atergge /or both eyes ) (i?corftnjg m mnt , 


^ftynioxic casM 
With no exophthalmos 

16 0 14 6 10 8 14 5 la K 
Said to Ime had exophthalmos 

W 2 16 2 16 0 19 6* 21 6* 
Seen by us to ha\o had exophthalmos 
19 2 10 2* 19 9* 21 6* 


16 9 15 S IDO 


Control cases 


AVastod 

Normal 

Obese 


No of 
cases 
11 
29 
8 


Mean 
\alue 
11 1 
16 0 
17 9 


Mean value 
ICl 

173 

20 0 


Mean of nholo group 173 


SB of 
mean 
0 73 
0 57 
0 97 


Standard 

donation 

24 

31 

28 


TABLE m 

Rclatton between exophthalmometer reading and orbital filling 


Control eaace 

Mean e\oph 
readmg 
(mm ) 

AA'astod 

10 S 

Normal 

161 

Obeso 

17 6 

All controls 

15 0 

Thyrotoxic 

AA'ith no Ex 

16 1 

Smd to have Ex 

17 5 

Seen to hove Ex 

20 0 

AH thjTotoxics 

17 3 


Mean orb filling 

Correlation 

No of 

(mg orb tissue 

coeff mthm 

cases 

per CO orb \ol) 

group 


688 

689 

760 

+023 

10 

1+0 CD 

25 

7 

677 

+0 70 

42 

716 



744 



808 



744 

+0 66 

15 


Degree of orbital filling Fig 1 illustrates the ooixelatiou betireen 
ocular prominence and the degree of filling of the orbital cavity m wasted, 
normal and obese controls and m thyrotoxic cases The post-mortem 
exophthalmometer readmgs are plotted agamst the ratio, u eight of orbital 
tissues exammed divided by total orbital volume Variations in the size 
of the globe and the specific gravity of the tissues are not taken into account 
by this method of presentation, but m spite of this, the correlation is 
evidentally close (Table III) A smgle curve relates dilFerences in prominence 
among normal controls, the decreased prommence observed (Table III) 
m wasted cases and the mcreased prommence of obesity Sumlarly the 
data for thyrotoxic cases, with or without exophthalmos, he on the same 
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Ftp 1 Hertcl exophthabnometer reading m miUmiettes plotted against degree of orbital 
filling in mg orbital tissue per cc of orbital Nolnme for thvrotosac and control cases 
Each point represents one orbit 

curve It IS quite clear that the position of the eye is determined by the 
amount of the orbital tissues and the extent to which they fill the orbital 
cavity , and that exophthalmos is caused simply by an increase m this fiUmg 
The distribution of the pomts m Fig 1 is approximately Imear The 
slope of this Ime shows that protrusion of the eye by 1 mm results from an 
increase m the bulk of orbital tissue by approximately 0 67 c c , ncCTiming a 
specific gravity of 0 96 and a mean orbital volume of 26 1 c c The cross- 
sectional area of the globe is about 4 o sq cm If the globe only were dis- 
placed forward, like a piston, 1 mm of protrusion should result from a 
0 45 c c bulk mcrease The difference between these figures is probably 
due to the simultaneous displacement forward of tissue round the eye as 



58 


BUNDLE AND POCHIN 


the orbit fills, wluch. can be seen to occur in many exophthalmic cases It 
follows from the figures observed that even a considerable exophthalmos of 

0 mm would be caused by a 4 c c bulk increase whicli represents only 20% 
of the normal volume of the orbital tissues , and the average piotrusion of 

1 2 min observed in the present senes of thyrotoxic cases u ould result from 
a 4% mcrease m orbital filbng This conclusion that considerable exophthal- 
mos may follow small changes m volume is supported bj the dramatic 
transient proptosis caused by retro-bulbar mjection of small amounts of 
local anmsthetic solutions 

Carise of increased orbital filling 

ConsUiuilon of the orbital tissues The constitution of the orbital 
tissues m different groups of subjects is compared in Table IV In normal 
controls, fat forms about half the total weight of these tissues, occumng 
mamly m the residual tissues but also m muscles and lachrymal gland 
In wasting, the decreased values for residual tissue fat, and to a lesser extent 
muscle fat, show that the decreased orbital filbng is associated noth a loss 
of fat from these sites In obesity, despite an mcreased orbit^ filling, the 
constitution of the tissues is almost unchanged, the morease affectmg both 
fat and fat-free components 


TABLE IV 
Co>utttutton <if orbtlal tmues (percentages) 


Control cases 
Wasted 
Eormol 
Obc^o 

AH controls 

ThyTolaxic cases 
With no E\ 

Said to have Ek 
S een to have Ex 

All thvrotoMCS 


normal controls 
moles 
females 

Thyrotoxic cases 
males 
females 


Muscles 

Fat free Eat 

Lachrymal 
Fat free 

gland 

Fat 

Bestdual 

Fat-fitiO Fot 

18 8 

16 2 

16 4 

122 

146 

1 38 

36 

33 

30 

0 43 

0 47 

0 42 

46 9 

361 

351 

293 

437 

441 

16 8 

Ho 

33 

0 46 

36 4 

421 

16 3 

16 3 

16 8 

2 38 

2 89 

2 69 

38 

34 

42 

0 73 
034 

0 66 

30 2 

29 8 

30 0 

46 4 

47 2 
45 3 


267 

38 

0 63 

301 

46 3 


TABLE V 

ConsMulton of orbrtal tissues {percentages)^ 

Lachrymal gland 
Fat free Eat 


Jdnsdes 
Fat free Eat 


16 6 

leo 

16 8 
16 3 


122 

1 54 

3 30 

2 63 


33 

33 

36 

38 


0 42 
0 01 

0 72 
0 61 


Bendualtissuts 

Fat free Eat 


36 4 
34 6 

27 4 
30 6 


42 4 

46 0 

47 7 
46 0 


Ses 3 tl!l and thyrotoxic values are due to chance^ 

a ««| JSf »■«> 

males QQg <o01 020 
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TABLE TT 

Weight of orbital litauea (mg per ex of orbital volume] 



Afueclu 
Fat free 

Fat 

Lachrymal gland 
Fat-free Fat 

Eestdual 

Fat-free 

tifiiies 

Fat 

2Cormal eontrola 
males 
females 

Obese eoniroh 

109 

109 

123 

9 

11 

11 

23 

22 

20 

34 . 
33 

33 

240 

241 

260 

287 

334 

3S3 

Thyrotoxic eases 
males 
females 

131 

116 

20 

18 

28 

20 

56 

46 

226 

226 

393 

338 


In thyrotoxicosis ■with or without eye signs, the most conspionons 
change is the considerable relative mcrease m muscle fat , its contribution 
to the orbital tissue we^ht is almost doubled Fig 2 shows that in control 
cases, muscle fat forms a constant proportion of the orbital tissues for 
different degrees of orbital filhng , and that the proportion is mcreased in 
thyrotoxicosis at all degrees of orbital Mmg The figures for residual 


UMO-e rjo +TMYiK>ioncs 

ORft VOL g hopum. controls 

I aoacsc CONTROL 

I o wasted controls 


+ 


o 



■f* 

+ 

+ 

+ + 

+ • • 

• • 

0« # • \ 

• o + 

o» • 

• O • ■f' 

o • 09m 

CD • 


o 


_J t I— 

too 700 eoo 


ORStTAL rtu/sc 
— t r*w^^CR9 fOL 
900 J 


Fig 2 Amount of fat m the eve muscles^ m mg per c c of orbital volome plotted against 
degree of orbital filimg m mg orbital tissue per c c of orbital volume for tbyrotomc and 
control cases Each point is the mean lor both orbita m one subject 


tissue and lachrymal gland fat are also increased though relatively less A 
stneter comparison is made m Table V, m which the data for thyrotoxio 
males and females are compared -with groups of normal controls of the same 
sex This comparison is necessary since the fat contents of orbital structures 
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are normally slightly higher m females than m males, and smce most of the 
thyrotoiac cases we females It will be seen that the mcreases m muscle 
fat are statistically highly significant * The relative proportion of orbital 
tissue formed by fat-free residue falls The correspondmg absolute changes 
may now be considered 

WeigMs of the, orbital drudures The average weights of orbital 
structures are less precisely determined than the relative constitution of the 
tissues This is because, in normal subjects, the weights of these structures 
vary widely m different mdividuals but, smce all structures vary in 
proportion, the constitution of the total tissues is relatively constant Table 
yi gives, for different groups of subjects, the mean weights of structures 
when expressed in ratio to the orbital volume The use of this ratio decreases 
the variabihty of the data, smce orbital structures vary m weight mth 
orbital volume , it also measures orbital filhng, which has been shown to be 
directly relevant to the degree of exophthalmos The greater changes in 
males presumably arise because all 3 male thyrotoxic cases were probably 
exophthalmic, ivhereas only 3 out of 14 females were so 

Table "ITil gives m detail the mcreases m weight of orbital structures in 
the thyrotoxic subjects ivith hi^ exophthalmometer readmgs In each 
case, the figures are based on the normal value appropnate to the sex of the 
subjects The same table also gives the average mcrease for the thyrotovic 
group as a whole The average total mcreases m the exophthalmic and 


TABLE VH 

Increases itt wexght of orMal struciures 

Excess weights, o^or that appropriate for the sex, m exophthalmic thyrotoMC subject, (mg 
per c c orbital i olumo} ■ 


H^l Muscles Lachrymal gland 
Sex (mm ) Fat fr^ Fat Fat free Fat 

'«■ inn -4-13 +13 + a -tio 


Bcstdual tissues 
Fat free Fat 
+42 

—26 + 65 

—26 1 
3 +114 


Total 
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TABLE Vin 


Fat eonlenl of orbital atrucliires (pcrcentagea of fat) 



^Muscles 

Lachrymal 

gland 

Besidoal 

tissues 

Control cases 

Wasted 

60 

06 

37 0 

Xonnal male 

7 7 

11 2 

53 8 

female 

03 

13 1 

56 0 


. ' 

. - — 

- - . 

all coses 

81 

117 

545 

Obese 

SO 

13 0 

56 0 

Thyrotoxic cases 

male 

16 5 

16 5 

63 5 

female 

13 2 

12 0 

60-0 


- ■ - 




all cases 

13 8 

13 5 

60 5 

Frobabflity that differences are due to chance — 



Thyrotoxic and normal controls 

males 

<01 

03 

07 

females 

<01 

02 

<01 

Thyrotoxic and obese controls 

all cases 

<01 

82 

00 


the whole thyrotoxic groups are 112 and 34 mg per c c , which agree closely 
with the values of 108 and 30 mg per c c that would account, on the data 
of Fig 1, for the observed mean exophthalmos of 4 2 and 1 2 mm m these 
groups Li the exophthahmc group, increase of fat accounts for 71% of 
the change, that m residual tissues hemg responsible for 54% Smaller 
mcreases m the fat-free component of muscles and lachrymal gland account 
for the remamder The changes m muscle are statistically, highly 
sigmhcant, and those m lachrymal gland probably so 

In proportion to normal values, the fat of each structure is mcreased 
more than the fat-free component Muscle fat is most mcreased, bemg more 
than doubled, and this change is of high statistical signihcance, and the 
muscle fat has been significantly raised m each exophthal^c subject Smce, 
however, muscle fat normally forms only a small proportion of the total 
orbital tissues, its increase plays a small part m the total mcrease of bulk 
On the other hand, the residual tissue fat is only mcreased by 20%, and the 
change is estabhshed with less certamty In view of the large amount of 
such fat normally present, this increase is responsible for a large part of the 
total bulk mcrease 

In the thyrotoxic group as a whole, the changes are smaller but of 
similar distribution, except that the contribution from the residual tissues 
IS small It seems likely that mvolvement of the muscles is a relatively 
frequent or earlj occurrence, but that the orbital tissues as a whole are not 
sufficiently mcreased m bulk to cause clmical exophthalmos unless the 
residual tissues are also mvolved It may be noted that the muscle fat 
was increased m all but one thvrotoxic subject and sicnificantly mcreased 
m 9 (and see Fig 6) 
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Composition of indimdml orbital strucktres Further evidence on the 
change occurring m thyrotoxicosis is obtamed from analysis of the orbital 
structures The alterations m fat content which result from the changes 
already discussed are shown in Table Vin 

The percentage of fat m the residual tissues, as well as m the muscles, 
18 here shown to be sigmficantly increased, and the changes exceed those in 
obesity, m which the muscle fat is unaffected 

TABLE DC 

]| filer content of fat free components of orbital structures {might of toater as percentage of fat fret 

might of structure) 


Control cases 
Wofltcfl 
Konnal 
ObesQ 


Muscles Laehrpmal gland Bestdual tissues 


847 
83 8 
83 4 


841 
82 8 
809 


811 
780 
79 4 


Thyrotoxic eases ^ ® 

These figures e\olude one tliyrotOMC ca^ with almonnally low values — ^ 

Tins subject died after gastrectomy and the low \alues may possibly be duo to 
dchi dration ______________ 

The composition of the fat-free components of orbital ^ 

not been studied except m regard to water content, which is unaltered 

thyrotoxicosis, as shown by Table IX ^ftrtmulnrlv m 

It IS thus estabhshed that m thyrotoxicosis ^ 

position of the eye and the deve gyjgg obesity does not 

now be considered in further detail 

Distribution of pathological changes 

Distribution of fat m ass^oclted mSnon’s capsule, 

m the residual structures about one-tbir remamder is m 

“ aU amounts of fat » samples of te 

recogmsable adipose tissue ^ P ^ ^ the thyrotoxic group 


WATEB^ OF FAT FBEE TISSUE 


ORBITAL TISSUES 


63 



wnTor lontoiit nnd fftt content for tliyrotoxla nrid liotweou wntor content nml fat contonT, for tljyrotoxio 

control LiiHW Bach point roprosonts ono niibjoot, anil normal Riihjoota Tnch point i-oproRonta ono 

ami la lintwHl npon anwplofl from ono or both orbita Rubjoot 
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It IS found that the fat and water content of adipose tissue normallv 
vary inversely, both m orbital and abdominal fat In Pigs 3 and 4 the fat 
percentage of the adipose tissue samples is plotted agamst the water 
percentage of the fat-free component The results could be accounted for 
by assuming the loss m wastmg of a water-j&ee matenal contammg 92% 
fat, from a fat-free structuial material contammg 95% water The data 
for thyrotoxic and control subjects clearly be on the same curve 



5 ™ «««.. ot .y. S -iSf b- o. ^ 

3ol group IS mcluded since the incuMa „,ediBl rectus 

levator " 0 ^ 

I B , infenor ^ bjo.d, snmple from stem J 
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No examination has been made to determme whether the increased 
residnal fat in thyrotoxicosis is due to an mcrease of normal adipose tissue 
or to an mcreased fat content of Tenon’s capsule 

The fat increase in ocular muscles When the mdiTidnal eye muscles 
are analysed it is found that the mcrease of fat in thyrotoxicosis is not equal 
in different muscles but is proportional to the normal fat content of the 
muscle The levator palpebrse snpenons, m which normally the fat content 
IS highest, shows the greatest mcrease while the medial rectus, m which it 
IS lowest, IS least affected 

In Fig 5 the pathological fat content is plotted against the normal fat 
percentage for that muscle and it is clear that the fat content is mcreased 
by about 60 per cent of its normal laltte m all muscles and not by an equal 
absolute amount m different muscles The fat percentage of the total mass 
of eye muscles was 8 1% m normal controls, and 13 8% m thyrotoxic cases 
In wasted controls it was 6 9% and m obese controls 8 0% 

Conversely a decrease proportional to the normal value is observed m 
wasted subjects These facts suggest an abnormal metabolism of normal 
fat m thyrotoxicosis rather than an infiltration by abnormal fat No 
change occurs m the water content of the fat-free muscles, which is equal m 
different muscles, and m normals and thyrotosics 

Changes in other sleletal muscles In view of the changes m the ocular 
muscles other skeletal muscles were exammed In controls, mean values of 
fat percentage are mcreased m obesity and decreased m wastmg and the 
change is proportional to the normal fat content of the muscle (Fig 5) 
In obese controls, the fat percentages were infrahyoid 2 7%, rectus 
abdominis 7 7%, tongue 15 3%. 

In thyrotoxicosis the fat content of the skeletal muscles is also mcreased 
but the values do not exceed those m obesity Thus, owing to the wide 
range of variation m controls, the result m thyrotoxicosis is mconclusive 
But smce 11 of the thyrotoxic patients were wasted, 4 severely, the high 
skeletal fat content is probably not without pathological significance 

Control ohsenations 

The thyrotoxic group consisted of 13 females and 4 males , the average 
age was 43 years The full senes of normal controls m whom the orbit was 
exammed consisted of 16 females and 32 males , the average age was 48 
5 ears In view of these differences between the samples, the effect of age 
and sex m normal controls has required exammation 

Effects of sex Mean values for orbital structures m male and female 
normal controls are given m Table X The only significant difference 
observed is m the orbital volume, which is larger m males than m females 
by 12% ♦ The degree of fillin g of the orbit does not differ significantly m 

* It nun bo noted that for this reason a survo} of total orbital tissue weight in thvrotoxic 
subjects of which most arc females could not be compared directU with a sample of normal 
controls of which half were males The G% mean difference m orbital volume would mask orbital 
oicrnilmg corresponding to an average exophthalmos of 1 7 mm 
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TABLE X 

Sex differences tn orbital structures 
Mean values m normal controls 


E\ophtlialmometer rending (nun) 
Orbital volume (cc) 

Orbital tissue weights (mg per o c 
of orbital volume) 

Muscles fat free 
fat 

Lnchrvmal gland fat free 
fat 

Bcsidunl tissues fat free 
fat 

Total 

Constitution of orbital tissues 
(per cent of total) 
Muscles fat free 
fat 

Lachrymal gland fat-freo 

Bcsidual tissues fat free 
fat 


Mole 

Female 

P* 

16 0 

161 

070 

27 3 

24 4 

<0 01 

109 

109 

099 

91 

10 7 

0 2S 

25 

22 

0 26 

34 

33 

023 

240 

241 

097 

287 

334 

020 

673 

720 

053 


16 5 

15 3 

008 

138 

105 

040 

3 31 

339 

0 83 

0 43 

0 58 

0 06 

35 4 

34 6 

068 

42 0 

46 0 

(112 


Fat content of orbital structures 
(per cent ) 

Muscles 

Laobrymal gland 
Besidual tissues 



Exoplithalmomoter readmg 

Orbital \olumo males 
fetaalos 

Structure weights dmdod by orbital 
volume 

Muscles fat-free 

fat ^ , 

Lachrymal gland fet free 

Residual tissues fat free 

fat 


—0 39 
+0 61 
—0 29 
—0 12 
+0 36 
+0 92 


P = 03 

P = < 01 
P largo 
p largo 
P« largo 
p« <01 


^.a«e Ot p » tto p»i»b.Mr tot «» 

the two sexes and the mean Khital tissues B 

S, Lrly “teroHSll truotumsmthefen..!e 

^bs^vedfthe shghtly >^t:tt ™C^sus~th,ro.»yos„d»^ 

have been taken into account in P p^gdommance of females m 

cases “ihis m 
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Effects of age With increasing age the fat content of muscle and of 
residual tissue nses, -nhile the u-eight of fat-free muscle probably falls (Table 
XI) The resultant nse of fat percentage in normal muscles is shomi in 
Fig 6, where the data of normal and obese controls are plotted as discs 
Tlie corresponding data of th 3 -rotoxic cases are plotted as crosses, and show 
that the muscle fat m the subjects exammed far exceeds that appropnate 
for their ages The average age of the thyrotoxic group is m fact less than 
that of the control group, so that the mcreases m fat content of muscles 
and residual tissues described m thyrotoxicosis shghtly understate the 
true values 


EYE MUSCLES 
FAT% 

i +tHYfiOKWICS 

• normal controu 


20 


m OBESE COmPOLS 


+ 


+ 


+ 



+ 


L ■ . - J I I i - i _? t I 

O (O 20 30 40 50 60 70 80 

ACE 

Fig 6 Eje musclo fat percentage plotted against age of subject for thvrotoxic and control 
cases Each point represents one subject b**ing usuallv based on the mean for both orbits 
The percentage is that of total fat in all eve muscles to total weight of the muscles 

Fig 6 also demonstrates the freqnenoy of significant changes m mnscle 
fat percentage m thyrotoxicosis, even in a group of cases of which the 
majonty had no exophthalmos 
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UU t»UU IVJLtiXlUUU tJBUCUiCb} iilX 

rol group with gross oedema 

Controk had oedema from cardiac failure m 3 cases and of renal ongin 
in 2 cases Some of these cases were also wasted The average fat content 
of the ocular muscles was reduced to 6 8 per cent and the orbital filling to 
664 mg per c c The watei content of the fat-free component of the 
ocular muscles was mcreased from 83 8 per cent to an average of 86 5 per 
cent and that of lachrymal gland and residual tissues was piohably shghtlj 
raised No other changes were noted except those characteristic of Masting 

Effects of icasling No attempt has been made to control the thjTUtoxic 
senes agamst a senes with an equal average degree of wastmg Eleven 
of the 17 thjT^otoMC subjects were wasted, 4 severely, while one \ins 
classified as obese despite the loss of 2 stones m 6 months Since this group 
has been compared with controls of normal nutntion or shght iiasting, and 
smce the changes observed have been opposite to those occurring m wasting, 
the extent and the significance of these changes m thyrotoxicosis have 
probably been substantially underestimated 

t test { 1 ) Tills method is rigorow as a test oi the nuu W ... ,t is 

by the disease process m mean s aluo, and a srroup of^ thyrotoMcs of whom 

unduly etnngcnt m ,^^'d *aro^mUy normal, thus detracting from the signtficance 

many, whore the disease process is mild, aro ^nmuy w ^ ,en siradar 

Discussion ♦ 

tissues ocoraruig m *'*5™*°f In vieu of tlie small changes 

m the fet content of the otbitel wabihty of normal tusues, 

sufficing to produce a [he eMnusic musda 

,t m drffieult to analyse the change °lM ff P tb,t the 

rvhsre the percentage mere^ « "f^jZLn to their normaUat content, 

different muscles ore affected m m g„„g 5 tB on abnormal regulotion 

rfno:ma??[[S>-S^ 

niechonism made to discuss them hero 

character no attempt is mam. 
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orbital fat deposition Farther, the findings in other skeletal muscles 
suggest that abnormal regulation of fat may not be confined to the orbit, 
conditions m the orbit merely bemg such that an mciease of bulk here 
produces stnkmg results 

The changes are the more impressive smce they are observed in irasted 
subjects, although irastmg m control cases mthout thyrotoxicosis is 
characterized by loss of fat from the orbit, mainly from residual tissues and 
to a less extent from the extrmsic muscles At the same time the changes 
m thyrotoxicosis differ from and exceed those seen in obesity m -which the 
orbital tissues are also mcreased In obesity the increase involves material 
other than fat, so that the proportion of the different constituents is little 
affected In addition the fat content of the e-ve muscles has not been 
mcreased m the cases exammed, despite large mcreases m other skeletal 
muscles In thyrotoxicosis, although the mcrease probably mvolves 
matenal other than fat, the mcrease in fat preponderates and disturbs the 
constitution of the orbital tissues Also the fat m the eye muscles is mcreased as 
muchormore than m the other skeletal muscles exammed It is also of interest 
to note that Case K, the only thyrotoxic classified as obese at death despite 
some loss of weight, had no exophthalmos clmically, low exophtbalmometer 
readmgs and considerably the lowest extrmsic muscle fat percentage m the 
thyrotoxic group It is quite clear that the changes observed m thyrotoxic 
cases are not simply due to concurrent obesity, but represent a deposition of 
fat which occurs despite general body wastmg Shght changes in the same 
direction occur m advancmg age, and possibly to a greater extent m females 
Relationship to clinical signs In the group of thyrotoxic cases with 
tj'pical exophthalmos, the estimated mcrease of orbital contents was 
sufScient to account for the degree of exophthalmos observed, and to explam 
m addition some protrusion of the tissues round the eye It is clear that 
both these eye signs, exophthalmos and the swellmgs above and below the 
eye which may accompany it, become apparent climcally when the orbital 
tissues are mcreased by a certam amount It is likely that m thjrotoxicosis 
this stage is only reached when the residual tissue fat becomes materially 
mcreased The phvsical mechanism of protrusion of the globe and hds is 
exammed m more detail elsewhere (5) 

The mcrease m muscle fat may, however, be e-vtensive before the residual 
tissue fat IS sufficiently mcreased to cause exophthalmos No chmcal 
correlation has been attempted between disturbance of fat content and of 
muscle function in the present senes, smce too few cases -were seen by us 
durmg hfe It is significant, however, that the muscle most severely affected 
bj the increase in fat, the levator palpebrae supenons, is also that whose 
shortening has been shown to cause the commonest of the eye signs, hd 
retraction (3) Moreover, it has non been established on quantitative 
grounds that disorder of muscle function amountmg to ophthalmoplegia 
IS common in thvrotoxicosis (4) It appears probable that hd retraction, 
ophthalmoplegias and possibly other eve signs may prove to be related m 
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TABLE xm 

Quantilalne data from thyrotoxic cases 

In this Table “ I ” in column 6 mdicatea that the individual eye muscles wore analysed 
Hcrtcl readings m column 3 are post mortem values 
In all samples analysed water content was also estimated 

Orbital tissues, thyrotoxic group 


Case 

A 

B 

C 

D 

E 

P 

G 

H 

I 

J 

K 

L 

M 

N 

O 

P 

Q 


Side HertelOVol Muscles 



mm 

c c 

mg 

B, 

IG 


3483 

L 

IG 

— 

3633 

B, 

1811 


3014 

L 

20‘ 

— 

3012 

R 

144 

25 6 

3607 

L 

144 

23 2 

3390 

R, 

14 

291 

3929 

L 

144 

31 0 

3920 

R 

lOi 

29 2 

3598 

L 

14 

30 4 

3260 

R 

154 

20 1 

3541 

L 

164 

23 1 

3422 

R 

19i 

310 

4832 

L 

19^ 

35 1 

4094 

R 

15 

23 5 

3266 

L 

IGi 

23 4 

3325 

R 

18 

23 7 

3307 

L 

19 

23 0 

3169 

R 

19J 

20 7 

4073 

L 

20t 

29 4 

4270 

R 

10 

20 0 

3388 

L 

10 

25 5 

3491 

R 

19^ 

241 

3370 

L 

19 

23 8 

3200 

R 

13i 

215 

2468 

L 

14i 

22 2 

2376 

R 

16} 

28 0 

3329 

L 

16} 

26 7 

3318 

R 

17 

24 0 

3167 

L 

16} 

23 5 

3077 

R 

21 

23 8 

4366 

L 

22} 

24 6 

4277 

R 

21 

251 

4189 

L 

22} 

241 

4110 


Total weights 


Fat Contents 


1 LG Kesid Mm L G Besid Orb 

mer mcr met Ttiff tnt» fat 



mg 

mg 

mg 

mg 

mg 

fat% 

— 

484 

691 

12143 

11466 

455 

438 

70 

90 

7010 

6430 

— 

1 

1 

646 

488 

11912 

11989 

381 

404 

65 

78 

— 

771 

I 

I 

771 

023 

11871 

11628 

780 

730 

142 

127 

7182 

7020 

84 3 
83 3 

1 

I 

470 

499 

15466 

14695 

629 

496 

66 

71 

8337 

8088 

65 0 
67 7 

I 

I 

1064 

1046 

10417 

15538 

436 

441 

06 

120 

— 

602 
74 4 

I 

I 

861 

770 

13967 

13617 

471 

493 

go 

79 

_ 

73 2 

74 6 

I 

I 

1263 

920 

18671 

19202 

746 

680 

208 

139 

■ — 

76 8 
69 0 

I 

I 

713 

921 

14624 

14210 

542 

673 

120 

138 

8316 

8461 

70 4 
78 4 

I 

I 

652 

868 

13896 

13913 

467 

413 

100 

132 

8336 

8541 

70 4 
86 6 

I 

I 

883 

1289 

16714 

16250 

096 

650 

142 

109 

0668 

9602 

818 
82 3 

I 

I 

720 

656 

16063 

16494 

211 

236 

80 

62 

9568 

9486 

78 0 
718 

I 

I 

891 

839 

13300 

13076 

473 

493 

99 

94 

8014 

8016 

77 0 

78 3 


I 

I 

I 

I 


949 12208 266 

866 11830 216 


207 7773 — 
203 7798 — 


896 14882 

882 16228 


447 

420 


180 9148 

192 9234 


I 

I 


910 11298 

837 10972 


383 

367 


I 

I 


944 16146 

620 17149 


931 

865 


_ 1370 17121 
1183 18369 


432 

496 


78 6906 

68 6769 


191 

82 


10696 68 5 
10907 84 7 


114 10036 

79 10545 
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TABLE ^^TTT — continued 
JJuteJei and adipose tissue 


Case 

Body fat 

A 

02 G 

B 

70 0 

C 

68 0 

D 

CSS 

E 

540 

F 

821 

G 

72 7 

H 

72 4 

I 

— 

J 

77 0 

K 

70 3 

L 

77 7 

31 

— 

N 

— 

O 

— 

P 

— 

Q 

— 

B 

— 

S 

— 

T 

— 


Fat percentages 


hyoid Rectus Abd 


29 

68 

1 9 

37 

10 

78 

33 

62 

47 

88 

32 

13 7 

13 

08 

36 

112 

20 

85 

34 

73 

1 9 

P5 

18 

1 6 

32 

54 

1 1 

— 

22 

— 

26 

— 


^on^uo 

Eye Muscles 



12 7 

. — 

13-0 



215 

— 

131 

11 0 

12 2 

15 0 

13 8 

21 2 

15 0 

17 7 

18 4 

15 3 

13 3 

10 7 

14 0 

98 

6 5 

11 6 

14 7 

22 0 

97 

6 7 

13 2 

16 8 

12 2 

24 8 

20 6 

12 6 

112 


— 


some way to the extensive mcrease m fat content of the extrinsic mnsdes 
in thyrotoxicosis 

Fat changes similar to those fonnd m patients with exophthalmos were 
present m the remaining cases of thyrotoxicosis slthongh m less degree 
Thus even when eye signs were absent clinically there was often well-defined 
pathological change It appears that exophthalmos merely results ftom a 
high degree of a process common to all cases of th 3 Totoxicosis This 
clanfies the general concept of thyrotoxicosis , nosological attempts to 
separate “ exophthalmic ” ftom other types of toxic goitre tend to be 
controverted by the present data The same is true for the proposed 
segregation of patients with severe ocular changes mto a different syndrome 
“ malignant exophthalmos ” Thus 3 of the present cases had been proved 
by measurement to have ophthalmoplegia , it may also have been present 
in others not exammed chmcally In at least i and probably 6 there was 
considerable exophthalmos In one case serial exophthabnometer readmgs 
had shown the orbital changes to be rapidly growmg worse In 5 there 
was u ell marked lid protrusion Thus m this group of 17 thyrotoxic patients 
both ends of the clinical scale were well represented, that in which the eye 
signs were absent (8 cases) and that in which they were present m marked 
degree (4-6 cases) There was, however, no mdication of any essenbal 
difference of the pathological process, except m degree, between the groups 
The decisive factor m the markedly exophthalmic cases was the high 
orbital-fiUmg ratio There was no evidence that its mode of production 
was different m the high and low degrees Extreme protrusion of the globe 
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and lids, prolapse of conjunctiva and corneal iilceration presumably develop 
■vrhen the ratio, bulk of orbital tissues to orbital volume, progresses to a 
maximum It would seem reasonable to accept the view that severe and 
mild exophthalmos m Graves’ disease are similar m nature and that a common 
process is operatmg severely m the one case and mildly in the other 

SUMMAB-y 

Exophthalmos m Graves’ disease is accounted for quantitatively by 
an mcrease m bulk of the retro-bulbar tissues 

The mcrease is relatively greatest in the eye muscles, of which the 
average fat content was doubled m a senes of 17 thyrotoxic cases The 
changes are moat marked in the levator palpebrse supenons muscle which 
IS known to be responsible for causmg bd retraction Increase of fat m the 
orbital fibrofatty tissue is, however, responsible for most of the mcrease m 

bulk 

The changes are present both m cases with and without eye signs 


beferences 

(,) •• T.bl», etc ••• *.d ed.. , f » 

( 3 ) PocHiU Chn Sci , 1030 , 4 , 01 

( 4 ) RuuntE AND WiMON Clm Sci , 1044 , 6 , 17 
Rundde and WitsoN am Sci, 1944 , 6 , 31 

(6> SEiTCUiK Arcli Ophthal , 1042, 87, 762 



r.xopirniALMOs in guinea pigs injected with 

PITUITARY EXTRACTS 
Ib E E poniiN* 

(From the Department of Cbnteal Itemtreh, Umrernttf Coilrye Jtwpital 

Jlfedttttt School ) 


ExoPimiALMos in guinea pigs injcclctl with piluitar> oxtmet vrta finit 
reported bj lx»eb and Fncdm&n m 1032 (2) and tlie name phenomenon 
has l>cen described by subsequent workers (1, 3. 4, B, 0, 0, 10) TIic«j 
reports, however, \nry wideh iw to the cirrumstAnccH in uhtch cxoplithalnum 
13 Mid t«> occur Conflicting statements ba\o liccn made on its frequeno}, 
bott soon it develops whether it increases or regresses with continued 
injections, its penustence after death and its augmentation bj th^roidectom} 
These discrepancies linvo clearly arisen for two roasoiu Fimtlj, the 
prominence of tlio ej e bos usual]} not been measured and, os is described later, 
naked eye judgment os to the presence of exophthalmos is grossl} innccumto, 
even when based on paired animals hccondl} , m the cases whorls' meosuro* 
ments of the prominence of the ejes have liecn made (0 and 10), tho clTccts 
of changes in body weight itself on tho position of tho eyes have bran ignored, 
so that tho amount of exophthalmos has not in fact bran determined 

Exophthalmos m tho gmnea pig can however, bo estimated accurately 
b} a simple method involving two stages — dctermmation of tho animal’s 
inter corneal distance , and estimation of tho amount by which this exceeds 
that which would be normal in the ammal 


Method 


Measurement of \nter-comeal distance bincc tho eyes project laterally, 
any protrusion will correspondingly mcieose tho mter-comcal distance 
(I C D ) Tho amount of this I C D can readily be measured by adjusting 
a pair of parallol-bladcd calipers so that each blade is aligned onto one 
comeal apex without, of course, touchmg it Calipers with a rack and 
pinion odjustmont and a vernier scale have bran used Readings ate made 
m a warm, qmet room, preferably that m which tho animal hves Tlio 


n I u ndertttkan on behalf of tho Medical newareb Council I am mdebted to Sir Hcnrt 

National Iniitltuto for Medical Iloae^i 

M 1039 and 1010 ondabotoDr*. ^ounj rariwaand Howland, for help and odwcT 
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animal is placed on a table facing away from the observer who rests his 
wrists on each side of the animal and aligns the blades with the comete, 
checkmg the ahgnment of each m turn The method could be facilitated 
by a suitable optical device, but four readmgs to a tenth of a imllmietre 
can be made in 1^ mmutes, and give an average which is found on repetition 
to be accurate to withm 1/4 mm , and this is the measure of I C D used in 
this paper After a few readmgs even young animals remam qmet, 
particularly if their mterest is mamtamed by suitable qmet hissmg or 
whistbng 

Esfimahon of exophthalmos In growmg animals, the IGD increases 
regularly mth body weight and, if daily values of one are plotted against 
the other, the successive points be close to a straight bne (Fig 1) Moreover, 
if the bodj' weight falls, for example on thj'roxme administiation, the loss 
of weight IS associated with a correspondmg reduction m lOD , so that 
the points now retrace the same or a closely sunilax Ime It is therefore 
possible to speak of a value of the IGD appropriate to any given body 
w eight in a particular ammal K now a pitmtary extract is given, the 
I C D begins to exceed that appropriate to the body weight I have 
estimated exophthalmos as the amount by which the I CD exceeds that 
which would normaUy correspond to the body weight of the ammal under 

“’"ISVoduomg exophtobnoa, tiioreto the T™' “ 
daily as it grows from about 160 to 200 g m body weight ^'>“>’“8 ^ 
doilv moasScments of ICB ugamst weight, the pomte spproioinate to 5 

straight hue The ammul is “h tb^°™e°iCerU to 

subsequent points contmue thishne ) Bhehtlv below it (Fig lb) 

points retrace the Ime or more commonly fall shghtly be^ « I 

With smtable pituitary extiaots, t e ® weight The amount 

indicating an I C D abnormally estimated simply as the height 

of exophthalmos on any day after injec formed during grovfih 

of the conespondmg point above e combmed protrusion of 

Figures are given m millimetres and refer to the comom p 

both eyes „ n/mos The accmacy uuth which 

Accuracy of estmaiion of ® ^ method depends upon 

exophthalmos can be detected data from the hne relating I CD 

the degree of scatter of the ^ J , attention to three factors - 

to wmght Thm scuftor cau he mu e s„aU hy ^ 

1 Errors m measurement o retracted for a short period and 

quiet but, if it is startled, the eyes may ^ ^ feeding m the room 

Tse a fallacious readmg ^tber ammal^^^^^^^ 

during measurements, partially close their eyes m strong g 

should not be used smee they partia y ^ 

2 Unless weights and Somach contents affects the 

preferably before feedmg. the amount of 
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weight but not the I C D , and irregulanty results In the present work, 
animals had a smgle daily feed at 10 am after being weighed and 
measured 

3 Although the I G D falls with loss of weight, it normally falls to a 
shghtly lower value than corresponded to the same body weight during 
growth , and in some cases the decrease m I C D lags behmd the loss m 
weight Consequently, loss of weight from diarrhoea, cold, change of diet 



^ POCHIN 

“lay, by causing loss of weight eaiiRA of diarrhoea m one cage 

on the corresponding treatment ^ estimate of exophthalmos 

about 025 “^^* periO g^Lr^m’ “ ““derestimated by 
relatively small cLection L the SsenfS T ^ 
this loss of weight than to correct for it It h « v ^ avoid 

of weight that results from 4 datlV^r, ^®®^ ®^®®i^od that the loss 
containing 6 to 12 units of thvrntrm^f 1 , jeotions of pitmtary extract (each 
body weight that rial ^ ^^® 

" sf;*r:2= s 

.:sr.‘is;,rs=t:-escr" »■•“ 


• 3 CCS DAILY roR 4 DAYS 



INITIAl 80DY WEIGHT (GMS) 


Fig 2 Loss of body weight in grams after four daily injections of pitmtary extract, plotted 
against body woight of animal in grams when first injected 

In well-fed animals grooving steadily, exophthalmos can be estimated 
to witliin 0 6 mm by the method described Thus, m 12 animals growing 
from 180 to 300 grams, 330 daily readings gave points which were displaced 
from the I C D curves of the ammals with a standard deviation of 0 22 mm 
of I C D , only 13 readmgs being 0 5 mm or more off the appropriate Ime 
Previous methods of detecting exophthalmos Results obtamed by the 
present method suggest that many of the discrepancies m previous reports 
may be ascribed to the methods used m detecting exophthalmos Naked 
eye detection of “ exophthalmos ” appears to be based mamly on the 
absolute value of I C D or on correlated changes in palpebral fissure During 



EXOPHTHALMOS IN GUINEA PIGS 


79 


the present work, laboratory workers were asked to arrange animals witlun 
groups of four m order of exophthalmos Normal growing animals were 
very commonly judged to be exophthalmic, w hen compared with exophthal- 
mic animals which had lost weight or ceased growth during pitmtary 
mjections, and the method is quite unreliable for either estimating or 
detectmg exophthalmos The objection apphes to the method of Loeb and 
Fnedman (2), who paired animals liavmg eyes of similar appearance before 
injectmg one member of each pair The method could be used with moderate 
safetj if ammals suspected of havmg exophthalmos were paired after injection 
with controls of equal body weight This procedure would be neither 
quantitative or accurate, smee the I C D of animals of the same weight 
vanes appreciably * 

Mere measurement of I C D after mjection, and comparison with values 
before mjection, does not measure exophthalmos but the balance between 
exophthalmos and loss of weight It is likely that thyroidectomy has been 
said to favour the development of exophthalmos simply because it decreases 
the loss of weight followmg pitmtary administration 

Experimental material All animals have been of the Hampstead 
in-bred stock Both sexes have been used, no differences in ocular phenomena 
havmg been observed m males and females A diet of cabbage and hay 
was given with either bran, oats and middlmgs, or bran and beet meal 
Ammals were kept m cages of four, m a room mamtamed at constant 
temperature 

The following extracta were gweo, by subenteneous injection — 

1 Initial data were obtained using acetone dried pig anter or pitmtary, extracted by 
W alien Lawrence and \ an Dyke s method (II) os modified slightly by \oung The dry yield, 
representing about 7% of the ongmal powder, was discolred in normal sahne 10 mg to 1 c c 
Seitz filter^ and mjected subcutaneously 

2 Most subsequent data were obtamed using pig s whole pitmtary extracted by the same 
method giving a 12% yield The solution m sahne had a thyrotropic activity of 6 muts per c c, 
and is the pitmtary extract ibed m this work unless otherwise stated 

Certam additional data were obtamed usmg — 

3 An extract by Van Dykes method of acetone dned horse whole pitmtary 

4 An alkahne extract of ox ontenor pitmtaiy gland. 


Results 


Continuous dosage If growing gumea pigs of about 200 g weight 
are given daily subcutaneous mjections of anterior or whole pitmtary extract 
m smtable dosage, exophthalmos can usually be detected at 24 hours from 
the first mjection , and, m 60 animals so mjected, has always been present 
at 48 hours, except m 2 which were losmg weight rapidly The amount 
of exophthalmos increases rapidly for 1 to 3 days, and then slowly until 
about the seventh day After this it decreases gradually although daily 
injections are contmued, so that at 14 days it is only about 70% of its maximal 


1-0 ™ (standard deviation 0 4S mm ) at 

loO grams, to 2G Oo nun (SJ5 0 43 mm.) at 200 g- bod> irejgbt * 
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with 2 o^®of rae * rT*®. ^“’5' 

and other expenments show that tho + ^ individual values m this 

similar in different ammals is closely 


exophthalmos 



F>g 3 Sloan ovophtlmlmos, m nullimotres combmod protrusion of both eves in d 

mieclod daily with 2 co pituitary extract, plotto/ against da^ CZn 


exophthalmos 

MU 



DAY S 


Fig 4 Mean oxophthabnos in groups of animals injected daily with different doiago of 
pituitary extract 


In a single experiment serum was taken from 5 ammals m which the 
mean value for exophthalmos had decreased from a maximum of 1 8 mm 
to 0 0 mm after injection foi 18 days Injections of 4 c c of this serum and 
^ c c of pituitary extract were given daily for 6 days to each of four animals 
These developed exophthalmos, and enlargement of orbital structures, equal 
to that in four control ammals mjeoted only with pitmtary extract 

The amount of exophthalmos attamed on daily injections depends 
upon the dosage given Extracts of pig’s whole pituitary containmg 12 
units of thyrotropic hormone cause a mean exophthalmos of about 2 mm , 
and larger dosage causes only a moderately greater mcrease m protrusion 
(Fig 4) It is shown later that tins is probably due to hmitation m movement 
of the eye, since the retro-orbital swelhng that causes the exophthalmos is 
further increased by higher dosage The greatest exophthalmos obsemd 

in ammals of about 200 grams has been 3 4 imn , 

3 mm are not unusual m mdividual ammals on dosage of 20 or more units 

of thyrotropic hormone daily 
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Discontinuation of dosage If, during the second -week of injections, 
dosage is diseontmned, the exophthalmos regresses little or no more rapidly 
than if mjections are continued During the first week, however, interruptaon 
of dosage causes rapid regression of exophthalmos which may be halved 
withm 24 hours of the missed dose K dosage is discontmued after 2 
mjections, exophthalmos has disappeared hy the 14th day If a smgle 
mjection only is given, the eyes have returned to normal hy the 5th day 
and m some cases exophthalmos does not develop 

Besumption of dosage Exophthalmos which has partially regressed 
as a result of a missed dose dunng the first week is restored to about its former 
value within 24 hours of resuming dosage Exophthalmos has also been 
produced when that due to two previous mjections has subsided, although 
the response in each of 4 animals was less than that produced by equal 
dosage 14 days earher 

Exophthalmos has also been produced m larger and m adult animals 
but its behaviour has not been mvestigated quantitatively smce a satisfactory 
base-lme of I C D against weight is harder to obtam, and smce loss of 
weight IS greater 

No differences have been observed m the behaviour of the exophthalmos 
produced by anterior or whole pitmtary extracts, or by extracts of pig, 
horse or ox pitmtary No exophthalmos or changes m weight or 
composition of orbital structures have resulted from single or daily mjections 
of postenor pituitary extract m dosage high enough to produce considerable 
antidiuretic action m the animals 

No exophthalmos or orbital changes have been obtamed with the 
foUowmg control solntions — 

1 Normal sahne m large doses either subcutaneously or mtra- 
pentoneally 

2 Pitmtary extract boiled for 20 mmutes 

3 Thymus extract of mtrogen content about equal to that of the 
pitmtary extracts used 

4 Thyroxme solutions containmg 0 8 mg of thyroxme The orbital 
findmgs after thyroxme mjection have not been found to differ m any way 
from those produced by other factors causmg an equal loss of body weight, 
and the changes m I C D are similarly related to the weight loss Factors 
causing loss of weight have been epidemics of diarrhoea and, m the case of 
one group of animals, the accidental use of an infected thymus extract 

It can therefore be stated that exophthalmos results from anterior 
pitmtary admmistration m a regular manner which can be predicted 
quantitatively In its early stages it regresses if dosage is discontmued, 
and m later stages even if it is contmued No systematic attempt has 
been made to discover a system of dosage which causes persistent or 
progressive exophthalmos In a few experiments, dosage mcreasmg daily 
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constant amounts or in constant proportion failed to produce sucli 
effects Prolonged administration of small dosage has not been attempted 
Effect of thyroidectomy It has been stated that greater exophthalmos 
IS caused m thyroidectomised than m normal gumea pigs by pituitary 
injections, and theories as to the ongm of the severe post-operatn e 
exophthalmos m man have been based on tins statement In fact, however, 
tli5TOideotomy merely has its effect by dccreasmg the loss of Aveight on 
pituitary injections, so that the I C D rises higher m such animals than m 
unoperated ones The amount of exophthalmos, however, is equal in normal 
and thyroidectomised animals Pig 6 shoivs the exophthalmos developed 
in 4 normal and 4 thyroidectomised animals and, except that one normal 
only developed transient exophthalmos, the effect is clearly the same m the 
two groups, The results of two experiments using pig’s anterior pituitary 
extract are given m Table I It is quite clear that, when allowance is made 
for concomitant weight changes, thyroidectomy has no effect on the amount 
of exophthalmos resulting from pituitary injections 





pituitary extract 

TABLE I 

Exophthalmos m thyro^dcctomxsed and normal amrnah 
Mean exophthalmos (mm ) 



1 

Expt I ^ tjj^^dootoraiscd 0 4 

° tSi^?dectomised 0 6 


'*^"^*^*^"'^*^*^*^"^*^"^***^*^^ n f-at* PrtTTlBfl’l (llSt&nCC 

ao not »l»r *>""8 

mcludes dimensions of stall and cjo 
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development of exophthalmos It is found, moreover, that the eyes sink 
m after death by an approximately equal amount in normal and exophthalmic 
animals Exophthalmos is thus associated uuth a surellmg of the retro- 
bulbar orbital tissues, the thickness of -which may be increased several fold 
Table IE gives mean values m 8 animals mjected -with pituitary extract 
compared with data from 8 control animals mjected with doses of thyroxme 
causmg an equal loss of weight In each case injections were given daily 
for four days, and the animals killed on the fifth day It -will be seen that a 
mean exophthalmos of 1 9 mm m life, or 1 5 mm post-mortem, is largely 
due to enlargement of the retro-bulbar tissues, the thickness of which is 
doubled The table gives also the difference m weight of -these orbital tissues 
m the two groups, and a figure for the exophthalmos to be e-vpected if the 
eye is simply displaced forward hke a piston by the mcrease in tissue bulk 
This figure is obtamed by dividmg the mcrease m tissue weight by the 
measured cross-sectional area of the eye, and agrees reasonably -with the 
exophthalmos observed Calculation from weight changes is adequate 
smce the specific gra-nties of these tissues is nearly umty * 


TABLE n 


Z)imeninon9 and vxtfjhts af orbital tissues tn exophthalmos 


Imtial -weight 

Final -vrei^t 

Pituitary 
injected anunals 
232 g 

189 g 

Thyroxme 
mjectra animals 
238 g 

194 g 

BiS-erenco 

I CJJ m life 

I CJD post-mortem 

27 2 mm 

25 5 mm 

25 3 mrn 

24 0 mm. 

1 D mm 

1 5 mm. 

Width of akuU 

B idth of eye halls 

Thickness of orbital tissues 

6 5 mm, 

16 8 mm 

22 mm 

6 6 mm 

16 3 mm 

1 1 nun. 

1 1 mm. 

Weight of orbital tissues 

Cross sectional area of eyes 
Exophthalmos expected 

401 mg 

311 mg 

03 mg 

76 sq Tnro 

1 2 Tpyrtr 


orbit^ tissues 18 that measured along the intercomeal bus It js 
“crease m weight of orbital tissues because the eve is more 
placed m exophthalmos than the tissues forming the remamder of the lateral wall of the 


Not only is exophthalmos accounted for quantitatively by the amonnt 
of orbital swelhng produced, but the smkmg of the eye associated with 
u astmg IS similarly related to the observed tissue changes Eig 6 compares 
the changes m eye position observed m ammals with the changes to be 
expected from the alteration m bulk of orbital contents Cases of 


alnic 0 ^ EyT^^eirW at about 
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enophthalmoa ate m animals that had lost iriaght*Ser 
administration or other causes of p f i J thyroxine 

tho .anrnhdi,^ ot onhitTrall^m 



Fig 6 Relation between obser\ed displacements of the eye and those calculated from the 
changes in bulk of tbo orbital contents 

Crosses, abo\ o the horizontal teas — exophthnlmos m pituitary injected animnls 
Crosses, below tins avis — onopbthahnos in wasted animals 
Pises — calculated position of the eye in normal animals 
Tho lino corresponds to agreement with prediction 


It should bo appreciated that the measure of enophtliolmos used is th^e s^ing of the o\o 
from its prominence before loss of weight started In wasted tuumala, tUe I CD remains aiMiil 
normal for tho body weight, that is, equal to that of a growing 

ThywMno lias on effect equal to tlmt m loss of weight from any other cause, tmd to d^bo 
th^-rino ns a hoiroono producing cnophthalmos is imaleadmg except m this general sense 

It wall be seen from Fig 6 that a change in the bulk of orbital tissues 
produces approximately the expected change in position of the eye, except 
that considerable orbital swelling does not produce exophthalmos in excc s 
of about 3 mm This is probably due to an extensive peribulbar protrusion 
of tissue that occurs in such cases It is clear - 

exophthalmos form an inefficient index of the 

the protrusion, and that a closer analysis may be based on the orbital tissue 
changes 
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Swdling of orbital structures The retro-bulbar orbital tissues m the 
guinea pig consist of the eye muscles, vessels and nerves and the dorsal (or 
Hardenan) lachrymal gland Very little orbital fat is present m the 200 
gram amniftl- The ventral lachrymal gland is partly retro-ocular and partly 
in£ra-ocular The dorsal gland represents about half of the orbital tissues by 
■weight In the foUovrmg account the term “ orbital tissues ” refers to all 
orbital structures except the eye-ball , “ eye muscles ” mdudes the four 
recti and two obliques, but not the four small retractores bulbi , and 
“ residual tissues ” covers all “ orbital structures ” except the two lachrymal 
glands and the " eye muscles,” and mcludes vessels, nerves, retractor muscles, 
connective tissue, some adipose tissue and the sheath of the dorsal lachrymal 
gland 

The normal weights of orbital structures m growmg animals are closely 
related to body weight as shown m Fig 7 Further, in an animal which has 
lost weight owmg to thyroxme admimstration or other cause, these structures 
weigh about the same as m a growmg animal of equal body weight {see Table 
HI) It IS thus possible to detemunethe mcrease m weight of orbital structures 
m animals which have received pitmtary extracts and despite loss of weight 
The normal vanabihty m weight of these structures is such that a 20% 


Structure 

Weight 
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increase in the muscles or either lachrymal gland m a smglo mjected nmmal 
18 Significant statistically (to 96% probability), and smaller mcreases can be 
detected usmg groups of ammals 

T\BLE m 

Weight of orbital atruclurea tn toasted ammals 


Mean weight m — 


Body weight (g ) 

Initial 

Final 

Structure weight (mg) 

Dorsal lachrymal gland 
Ventral lachrymal gland 
Muscles 
Bcsiduo 


8 animals 
on thv rosine 

238 

104 


162 

78 

iZi 

26 i 


Normal 

animals 


104 


166 

81 

44 

27 


Dtfibronco 


±l 

— 4 

— 4 


Standord 
error of 
difforonco 


6 

44 

2‘ 

4 


It will bo seen that none of the differences is significant 

On imection of pituitary extracts, the orbital structures are affected 
unequaUy TUo doraal lachrymal gland undergoes the greatest relafare 
enlarnement of extent depending upon the dosage ginen The percentage 
otSmt ofthe ventrafgtodl atant half - .red that of the eye morelc. 
nwTouarter - that ol the dorsal gland The mean results from 7 
SpoLente. each involving 4 or more ammals and eansmg moderate 

oxophthalmo lachrymal gland 32% enlarged 

ventral limhrymal gland 16 /„ e^^d 

The sheath o"^! gland, -“f 

rnto a thmk gilatmons SSZv^g aSleighing ftagUb 

“ residual tissues It is diffi account for their apparent 

of this sheath with the eye eigement of the eye muscles 

j: sit.” sssK. " I - " 

exophthalmos observed in orbital structures arc 

Nature of met eases The me ^ 1 gliglit changes m the 

predominantly due to a H ! 

dry &t-froe and fat “““f aortal t«s«e m 

^0.2 the rvai« 1 ^— if d ^itay 
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■weight -were equal in each group A use m \rater percentage occurs in each 
structure with exophthalmos, and a comparison of the absolute iveights of 
the chemical components of these structures shoirs that the change mvolves 
only the water content In this experiment the orbital water content was 
increased by 50% without change m the water-free components 


T-IBLE IV 

Changes tn water content of orbital tinuca in exophthalmos 


4.bsolute xreightb (mg ) 

Water pereentagea On thyro^one Oto pitmtarv 



Xormal 

On 

On 

Water 

Water 

Water 

Water 



thyroxme 

pituitary 

free 


free 


Dorbal 1 g 

644 

60 3 

701 

64 

98 

63 

140 

■Ventral 1 g 

74 7 

72 7 

77 0 

21 

57 

19 

63 

Muscles 

82 3 

817 

841 

8 

36 

8 

43 

Residue 

80 8 

71 6 

83 6 

8 

10 

7 

51 




Total 

101 

209 

07 

307 
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The dorsal lachrymal gland may show distension of the acmi, but the 
change is presumably one of oedema m Yieir of the enlargement of the sheath 
of this gland, which is greater than would be hkely to arise as a result of 
secretory changes in the gland itself It should be emphasised that this 
nature of the change has heen established only for the 200 gram animal 
dcvelopmg exophthalmos rapidly as a result of high dosage ^vlth pituitary 
extract 


Mdliod of assay The enlargement of the dorsal lachrymal gland 
aflFords a convement method of assaying the pituitarj'- factor responsible 
for exophthalmos in 200 gram ammals The percentage mciease in its 
weight IS considerably less than that of the thyroid glands Fig 8 shows 
that in an experiment with ox whole pituitary, the relative enlargement of 
this lachrymal gland was about one seventh that of the thyroids for largo 
doses, and rather less on smaller dosage Daily admuustration for 6 days of 
extract contammg one unit of thyrotropic hormone (7) caused a 10% 
increase in the dorsal lachrymal gland It has not been estabhshed that 
exophthalmos is caused by the thyrotropic hormone itself In prehminar} 
expeiiments, however, with pig, horse and ox pitmtary, which have widely 
different thyrotropic activities, the enlargement of the lachrymal gland 
has varied m approximate proportion to the thyroid enlargement 


Glmxgea m other body tmes Smelser observed cedema of orbita fat 
in adult guinea pigs, and regarded this as the local expression of a generalised 

<edema rfbody L depots (10) The «ter 

observed m fat depots are due, however, not to an mcrease m their uater 

content but to a decrease m their fat content, wluch is a normal 
content, DU estabhshed m growmg ammals by a 

first deterramed m normal ammals eetlim from^pituitary m]cction, 

investigated m °®Xt wM^iund that the water percentages 

or from thyroxme or other causes I „Tiimala and that the elevation 

m these and other depote axe raise ™ axillary fat the percentage rises 

vanes mth the degree of ho y t^Rno/ in an ammal w^hich has lost 30% 
fiom o normal value of 36% to ohout W ^^on ^ , 

of its body weight, while the ™ .mectod inth pituitary extracts and 


causes — — — 
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Axillary Fat Abdominal Fat 



O MEAN NOmui. VAIIC 
O CON1ROLS 
+ PltUITMir MJCCTO) 


Fig 9 Water percents^ m two fat depute, plotted agamst estimated loss of wdght of tbe 
depot m vraated muniBlB. 

The Imes tepiesent the values expected on the assumption that loss m depot sreigbt is 
duo to loss of water free material without change m the absolute water content. 

Moreover, if the water percentage is plotted against the estimated 
percentage loss of wmght of the fat depot its^, the values correspond 
reasonably with those which would be expected if the loss of wei^t had 
been due to loss of fat only without loss of water from the depot (Fig 9) 
It will be seen that this apphes equally to animals treated with pituitary 
extract and to controls It is thus clear that the orbitfd gam m water is 
not exphcable by the raised water percentage m body fat depots 

Dueiusion 

It is clear from the present work that the exophthalmos which results 
from pituitary mjections m the 200 gram gtnnea pig can be accurately 
assessed, and is then found to be reproducible and quantitatively related 
to the amount and duration of dosage The course of the exophthalmos 
has been uniform m mdmdual animals, irregolaniy bemg usually associated 
mth rapid loss of weight m an animal mjected when presenting too great 
an imtial body vreight The regression of exophthalmos after about a week 
of mjections has been eqnally uniform It is of mteiest that this occnis at 
about the penod when anti-hormones might be expected to develop, although 
a smgle experiment failed to demonstrate any mrcnlatuig substance capable 
of inhibitmg the development of exophthalmos in other If this 

mdicates a local resistance, it is possible that certam orbital stmctnres may 
become resistant early, and that other stmetntes may cause exophthalmos 
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later m a course of injections It is desirable that the presence of exophthal- 
mos at later stages of pitmtary admimstration should be mvestigated by 
quantitative methods ivhich allow for concomitant changes m body weight 
The nature of any orbital changes produced m such cases or m adult animals 
should be compared mth those produced rapidly in growing ammals 
The exophthalmos studied is largely due to an mcrease of water in the 
orbit, winch is probably to be regarded as a generalised orbital cedoma 
This contrasts with exophthalmos m human Graves’ disease which is duo 
largely to an mcrease in orbital fat (8) * At the same time it seems uncertain 
that, even if a common factor u ere responsible for both tj^pes of exophthalmos, 

It would produce similar results when effective at such widely <Meront 
rates Exophthalmos m the gmnea pig has been largely established m 48 
hovra, ivMe a moderate pretrusiea ef 4 mm m man may develop m a year 
K la important to emphasise that thyroideotomy has no effect at 
least m 200 ammals, on the amount of 

Pitmtary mjeotions The absolute moroase m I CD is ’ 

Lrrospoiidmg to the smaBer randTfmmTtfyroidec^ 

one evperiment gave mean T 7 mm 

oraised and normal groups 

with a nse of 16 grams m body ^ .weight It seems 

the ICD had an mooneot mterpretahon 

probable that similar effeofa may nave ran rtioulatly where 

of the influence of „JL m«de An evlensive hypothesis 

naked eye estimates of exoph a „f thyroideotomy, postidatmg that 

has been bmit on the Lmone from the 

removal of the <Smg t^xmo which premons y 

pitmtary owmg to atenoo f Jf'Xrmone was held to he responsible 
Silubited Its output _ Au eaeess of to ho^^ 

for progressive or mabgna P ^ ^ metabobc rate The 

SL th^dootomyorm associatao^*^^^ ^ on a 

present work * of thyroZtomy on the development of 

Jmsmterpretation of the effeete ot tnyr 
exophthalmos m gumoa pigs 

SuamAEY 

within 48 hours dosage, moderate 

. -f exophthalmos depends up between 

2 The amount of exopn^ oontaunng 

oxophthalmos — ot“iot^- ______ ^ 

* The t J on man wa-» started 

which wos complete oew 
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3 The esophthhhiios increases for a week, and then decreases despite 
continued injections 

i Esophthalmos is equal in normal and thyroidectonused animals 

5 The esophthahnos is quantitatively accounted for hj oedema of the 
orbital tissues, particularly affectmg the dorsal lachrymal gland and its 
sheath 
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XoTE — 4 aluable papers b\ Smelser which haie appeared since completion of the present 
mscstigation (Amer J Anal 1943 72, 149 and its references) have dealt with the 
structures causmg exophthalmos and the effect upon them of sympathectomy thvioxine 
and enucleation of the globe Allowance has not however been made for the effects of 
clvonpes m bodt weight upon the I C J) or on the weight of orbital structures Aird 
lirch Ophihal M F , 1940 24, 1167) has presented etndence that thvrotropic hormone 
IS responsible for the orbital changes 




JUSSIVE HEPATIC KECROSIS AlfD DIEFOSE HEPATIC FIBROSIS 

{Acute TEiiovr atbopht asd eortal cibbhosis) their 
PBODU cnox BY amAss of diet 


By H P HBISWORTH and L E GLYNH 
{From the Medical Unit and the Department of Morbid Anatomy, University 
College Hospital Medical School, London ) 


The present interest in the production of hepatic injury by means of diet 
dates &om a paper by Rich and BLanulton (27) m ■which the claim was made 
to have produced cirrhosis of the brer in rabbits m this way Almost 
simultaneouslj' similar claims were made by other authors (5, 7, 15, 29, 33) 
and, adequate confirmation bemg forthcommg, it is now securely established 
that hepatic mjury can be produced by dietetic means But as yet there is 
no agreement as to what these means are At one time or another practically 
every known dietary constituent, save carbohydrate, has been mdicted as 
the responsible factor and the uncertamty m this field is so great that m a 
recent review Bolhnan (6) wrote that dietary injury to the liver could 
apparently be brought about by many difiFerent ways In our opuuon this 
uncertamty is m part accounted for by failure to distmgnish between the 
different types of lesion produced With mcreasmg frequency it has been 
reported that a small and mconstant proportion of the animals receiving 
the diet designed to produce cirrhosis of the hver showed heemorrbages or 
necrotic lesions m the hver (12, 15, 16, 33) but, as far as we have been able 
to discover, onlj one group of mvestigators has considered that these lesions 
might represent a different condition from the early lesions of cuihosis 
On the basis of observations that addition to the diet of different anuno-acids 
mfluences to a different cAtent the mcidence of necrotic or of cirrhotic 
lesions m the experimental animals Daft and his colleagues (11) have 
suggested that the tw o lesions might be distmct The majority of workers, 
however, assume that the hsemorrhages or necrotic lesions are a stage m the 
sequence of events leadmg to cirrhosis of the hver, and the reason for this 
assumption is to be found m the fact that so far it has not been possible 
to produce the necrotic lesions separatelj from those of “ cirrhosis ” The 
nork presented m tlus paper shows that these necrotic lesions are distmct 
from portal cirrhosis not only m appearance, chmeal manifestations, and 
scquel'c but also m causation 
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tnmtrotolMne whS'^oS “Tra^abons mto poisoning bj 
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f a certain level necrosis 

cZS The “ a f ° of » toe portal 

COThosis The fibrosis of the liver which they produced was the entirely 

^fferent condition of nodular hyperplasia which clearly began as soamng 

S P^e^uous necrosis Other diets did, however, produce a diffuse 

lepatic fibrosis which had all the features of portal cirrhosis These latter 

Chets had in common the smgle property that they rapidly produced gross 

ratty infiltration of the liver It is thus possible to distmguish two distmct 

types of hepatic injui^ due to diet The first is due to lack of protein and 

appears to be a deficiency disease ansmg, probably, as the result of a deficient 

supply of an ammo acid The second is due to the effect of long continued 

fatty mfiltration of the liver whether this is produced by an excess of fat 

or a deficiency of lipotropic factors m the diet The injury due to protein 

deficiency is characterised by the development of massive hepatic necrosis 

which leads, m the survivors, to post-necrotic scarrmg and nodular 

hyperplasia The mjury due to fatty infiltration of the hver is characterised 

by the gradual development of a diffuse hepatic fibrosis which progresses to 

a condition mdistinguishable from portal cirrhosis In discussing oiu 

results we shall first describe the clmical and pathological features of the two 

lesions and then the factors mfluencmg the development of each 

JIETHODS 

Antmah IVluto “ Wistar ” rats,* ranging in weight from 120 g to 160 g were used ^5 
tho animals in any experimental or control group were of the same eex end of 
tho same weight Tlio mts of each group were kept m a single coge, unless the number lacwea 
10, in which case more cages wore used Twice a week each group of ammals was weighed and 
tho average weight of tho rata thus doterramod 

Histological examimhons Tlie animals wore killed by stunnmg 
10°i formal salme Liver samples were always taken from tho middle of the large Jett lo 
which overlaps tho stomach and, if doubtful lesions were seen m other ports of the sai^ m 
were taken from these places also ParaSin sections were stamed as a 

and oosm lYhen necessary other paraffin sections were st^cd for retusulin ® „ 

mofcliod (20) and for fibrous tissue ^ van Gieson's stain and iron hamatoxylm Frozen seccioiu 

■wore stained for fat with Schorlaoh R 


* These wore obtamed from the breeding colonies of Glaxo Laboratories and of Messts Boots 
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Etttmntion of Imrfat TIus ■was earned oat bv a modification of the method described by 
Leathes end Baper (21) 

• Feeding Bight grammes of food, ixrespectne of the naturo of the diet was allowed to 
each animal daily The animals were fed at the same tone each day At the end of twenty four 
hours the residue of food iras collected and weighed. In catculatmg the amount of food eaten 
m the cose of diets which required moistening, mlowance was made for the proportion of water 
m the residue ater •was not restneted 


Diets 

A Ingredients 

1 Salt mixture Ail diets contamed 3°o t>f salt mixture 

2 Fifamins All diets contamed 1% of cod hser oO All ammaU received dailv supple 
meats of water soluble vitamins to the following amounts thiamm h>dtochlonde 20 pg , 
nboflavme 25 pg pvndoxin 20 pg tcalcium pantothenate 100 pg All 1:110011113 -were added 
to the food , m the co'se of fatty diets when these were made up m bulk at approximate intervals 
of a week in the case of carbohjdiate diets immediately before the food was dispensed to the 
animal 

3 Choline In the experiments m which choline was used it was added to the food m 
amounts of 4 mg yrat/dav that is 50 mg per 100 g of food 

4 least {Tlie veast powder was prepared from a pure stram of veast grown nnder 
constant conditions Thepowderwasprodneedby drymgthewholeveastat30°C aflersqueezmg 
tlirough perforated plates The dried powder contained 44% of protein the remamder was 
almost entirely carbohy drete Professor J H Ctoddum of the Umv ersity of Bdmbnrch Lm^y 
oitimated the cholme content of the powder and found that it contamed 13 pg of enolme per 
gramme of powder 

3 Casein Glaxo Laboratories Grade A casern was used 

0 fat* ** Lard was used for the fatty diets 5% of arachis ofi was added to all the 
rarbohvdrate diets 

7 Carbohgdrate ** The best quabty crushed maize starch was used. 

B Composition of the diets Two groups of diets were used and distinguished by the name 
of the predominatmg mgredient as a Fat Diet ’ or a ‘ Carbohydrate Diet ” respectivelv 
Tlio intLiiduol diets m each group can be further distmguished hrom each other bv the quantity 
and kmd of protem mcluded. 

1 Fat diets All fat diets contained 60% of lard, l^o of cod liver oil 3% of salt nuxture 
and the v itomm supplements The remamder of the diet was made up of carbohydrate and 
protein Thus an S'Jo casern, tat diet contemed 50% of lard 3°o »alt mixture. 1% cod Irver oil, 
vitamins 38%, maize starch and 8% casern A 7 2% yeast protem fat diet contamed the 
same amounts of fat salt mixture and vitamms but 7 2% v east protein, 8 8% veast carbohydrate 
and 30‘’o maize starch 

2 Carbohydrate diets AU carbohydrate diets contamed 3% salt mixture, 1% cod hver 

vitamm supplements Tlie remamder of the diet was composed of 
carbohydrete and protem Thus a 16% casern, carbohydrate diet contained 3% salt nuxture, 

cod liver oU 5®o arachis oil vitamins, 75% maize starch and 16% casein, A 4% casern 
3 6 o yeast pndem, carbohydrate diet contamed the same amount of arachis oil, salt mixture 
and vitamins but 3 0<>i, yeast protem, 4 4% yeast carbohv drete 4°o casern and 76% 

offirrh ” 


* M e are mdebted to Dr Charlotte Hunswor'h for the feeding of the 

t AA c are mdebted to the Glaxo Laboratones for the gift of this substance 

* AA care mdebted to the DistiUers Company Ltd forthe gift of supphes of dried yeast powder 

•* AA c are mdebted to Professor Sir J C Drummond of the Jlmistry of Food for obtammit 
permission for us to purchase supplira of these rationed commodities ® 
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The clinical features of the develonmfinf ami i 

necrOBK and q£ diffuse iiepafie fibrosis show strioug djfiLC°S!o 

aZLT suddenly „ a Intteito beStW 

ammal , diffuse hepatic fibrosis is a gradual process which slow and qiaotlv 
pi Ogresses over a long period ^ ^ 


Massive liApahc necrosis and its sc^ubIcir 

After the animal has been put on the protein deficient diet there is 
invariably a latent period before hepatic necrosis develops The delay 
depends upon the nature of the diet , some diets produce necrosis quickly, 
others slo-wly The shortest delay observed has been 28 days, but usually’ 
even vuth the most effective diet, it is between 40 and 60 days With other 
diets the delay may be 100 days or more Durmg this period the animal 
does not seem ill Appetite is unimpaired and activity normal and, unless 
the protem in the diet is grossly insufficient, the animal gams weight The 
liver durmg this period shows no abnormabty Then suddenly the annual 
ceases to eat and huddles in the comer of the cage In severe cases death, 
often jireceded by convulsions, follows m a matter of horns In ammals 
winch have been severely affected but which have not been killed outright, 
there follows a penod of two ox three weeks of obvious illness During this 
peiiod tlie animal eats bttle, its weight falls and jaundice may develop 
If it suivives this period it becomes more active, but it does not regain the 
weight it has lost, and usually contmues to lose weight slowly for some 
weeks Examination of the rat at this period shows an ammal with sparse 
fur, general emaciation, and often an abdomen distended with fluid At 
autopsy subcutaneous oedema, peritoneal, pleural and pencardial effusions 
and a deeply scarred and distorted liver are found In less severe cases 
after a week or two of illness the animal recovers only to relapse some weeks 
later In others there is a mild and transient illness followed by complete 
olinical recovery and, if it were not for the evidence at autopsy, it would be 
doubtful whethei the animals had ever been affected In all cases the 
seventy of the illness and of its sequelae are found to be related to the amount 

of liver damage 


Diffuse hepatic fibrosis 

The development of diffuse hepatic fibrosis is a gradual process which, 
unuiterrupted by sudden illness, leads steadily but slowly to detenoratwn 
of health Throughout the experimental period the animals remain i 
“Ute - good And the only md>oat.on of the oon»o of ovont, . g.™n 
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by tbojr cb&uge m vreigbt Donng tbe first 100 to 160 days of the expenment 
their weight curve rises to a plateau Then for some weeks it declines slowly 
The curve now becomes erratic , rapid falls m weight alternate with equally 
rapid recoveries, but the general trend is BtiU downwards After some 
weeks of such variations in weight the animal usually dies of some inter- 
current illness, such as pleuropneumonia, and difiuse fibrosis is found m the 
hver At any time after the weight curve becomes erratic microscopic 
evidence of the lesion may he found at autopsj’ but, even with our most 
effective diet, macroscopic evidence is rarely present before the 200th to 
260th day 


PATHOnOGIOAI. 

Maasite hepatic necrosis 

We distmguish generalised or extensive massive necrosis of the liver 
firom partial massive necrosis of the hver (14) In the former every lobe of 
the organ is extensively mvolved (Fig 1) , m the latter only the left lobes 
(Fig 2) 

Cousidermg generalised hepatic necrosis first it is found that, in animals 
uhich are killed witlun a few hours of becommg severely ill, the whole hver 
18 swollen, maroon m colour, covered with a mesh of dilated vessels and 
sparsely spotted with petechise (Fig 1) At this stage macroscopic exatmna- 
tion shows large tracts of hver tissue m which all the parenchymal cells 
are dead, but still m situ, altematmg with areas m which varymg numbers 
ot hver cells survive Livers ftom severely ill animals which have survived 
a day or two show a different appearance Whilst they are still swollen 
and show a mesh of dilated vessels they are umformly yellow m colour and 
closely resemble both macroscopioally and imeroscopically, human livers 
with “ acute yellow atrophy ” Should the animal survive a week or two 
the picture changes agam The hver is flabby and no longer appears swollen 
Its general colour is a dull yellow but on its surface are sharply demarcated 
and shghtlj sunken bnck red areas Its resemblance to the “ subacute red 
atrophj ” of human pathology is apparent Very occasionally animals with 
such extensive necrosis survive for several weeks longer to develop oedema 
and effusions In such cases the hver is foimd markedly distorted Its 
surface is cut mto by deep and irregular scars (Fig 3) and the mtervenmg 
substance is covered with projectmg nodules of hver tissue A similar 
appearance of the hver has long been recognised m human pathology as the 
sequel to “ acute atrophy ” and m this country has usually been distinguished 
from the difiuse hepatic fibrosis of portal or Lsennec’s cirrhosis by the term 
nodular hyperplasia 

It appears probable that this type of necrotic lesion was first produced 
bi Weichselbaum (35) In 1935 he described the production of “ hsemorr- 
hngcs ” into the hver by dietetic means It seems apparent from the nature 
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ne rotic processes are loeahsed to particular parts of the Irver Clal 
left lobe of the liver overlying the stomach is always involved |) 
UsuaUy the omental and retro-gastric lobes am also affected Z\ol 

of Z S T ® IB affected up to and shghtly beyond the insertion 

of the falciform ligament Occasionaffy the summit of the right lobe winch 
rests m the cupola of the diaphragm is also involved The mam mass of the 
right lobe and middle lobe appear perfectly normal In ammals killed 
some ueelcs after the onset of the illness the areas picked out m partial 
hepatic necrosis are shrivelled and scarred (Fig 3) whilst the rest of the liver 
looks larger than usual— an impression which is confirmed by findmg that 
the "weight of the whole organ is approximately normal 

Tins localisation of the necrotic lesions in partial necrosis to particular 
paits of the liver has been noted m human cases (21, 32) The problem 
is to explain w liy in a particulai liver, or even in one and the same lobe of 
that liver, areas in which every paienchymal cell is dead alternate with 
areas in which every liver cell appears perfectly normal Superficially the 
areas of necrosis resemble infarcts but careful search has failed to reveal 
any blockage of the hepatic vessels It is not unusual to find the area of 
necrosis accurately confined to that part of the left or middle lobes winch 
IS pressed upon either by a neighbourmg lobe, an adjommg viscus or the 
costal margin But pressure explains only a mmonty of the cases The 
explanation is suggested by those cases m which the necrotic process involves 
the middle lobe up to and beyond the insertion of the falciform hgamcnt 
This part of the middle lobe is kno"wn in man and some other animals to 
leceive its blood supply from the left branch of the portal vein It is further 
knovui that in the portal vem the blood oonung from the superior mesenteric 
vein tends to the right, and so passes mamly up the right branch of the 
portal vein to the right lobes of the liver, whilst the blood from the splenic 
vein keeps mainly to the left, and so reaches the left lobes of the liver (9, 
12 19) Thus the nght lobes of tbe liver aie supphed with blood winch comes 
predominantly from the small mteatme , the left lobes by blood from the 
spleen and Inigo intestme To test whether a similar “Lmd 

portal blood occurred m rats wo aniestbetised some normal “d ijeM 
In*»n mk into thou spleens Within a few seecmds the Indian mk had 
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been earned to those parts of the liver which are affected in partial hepatic 
necrosis 

It thus appears that in partial massive necrosis of the hver lesions 
occur m those parts of the organ which receive blood from the spleen and 
large mtestme whilst they do not occur m those parts of the hver which 
receive blood from the small mtestme This unphes either that a noxious 
substance is conveyed to the hver by the blood from the spleen and large 
mtestme, or that blood from the small mtestme contams a substance which 
prevents the hver cells developmg necrosis But we have also evidence 
that pressure facihtates the production of necrosis and, as pressure must 
curtad the blood supply to the part pressed upon, then, if the substance 
earned by the blood were mjunous, pressure should protect the part against 
the development of necrosis It appears, therefore, that a substance is 
present m the blood from the small mtestme which prevents hver cells 
gomg mto the state of necrosis The survival of the nght lobes of the hver 
m cases of partial hepatic necrosis would be adequately explamed on this 
h3'pothesis 

Diffuse hepatic fibrosis 

It IS not until an animal has been takmg the appropnate diet for a 
long period that the macroscopic changes of diffuse hepatic fibrosis become 
evident Then the hver shows a finely granular surface and its colour is 
buff bv reason of the considerable amount of fat it contams (Fig 4) Long 
before this macroscopic evidence appears, however, microscopic sections 
stained for reticulm fibres reveal that stretchmg between each portal tract 
are fine fibres which circumscribe the enclosed lobule (Fig 6) This lesion 
IS uniform throughout the hver By exammmg the hvers from animals 
killed at suitable mtervals it can be seen that, as the condition progresses, 
more and more reticulm fibres are laid down around the lobules unW these 
are separated by relatively thick bands of maturmg fibrous tissue By the 
time these changes are established changes are occurrmg withm the lobules 
themselves , some mcrease m size, some are subdivided by mvadmg fibrous 
tissue Fmally the typical picture of portal curhosis is obtamed (Fig 7) 
At no time m the course of the development of the lesion is necrosis evident , 
at all times the hver cells are heavily laden with fat 

Although numerous claims have been made to have jiroduced “ curhosis 
of the hver ” m rats (4, 5, 10 11, 12, 17, 29) the acceptance of these must 
be modified by two considerations First no mvestigator seems to have 
differentiated between “ post-necrotic scarring ” and “ diffuse hepatic 
fibrosis ” , second the diets used by most workers m this field have been such 
as to produce both lesions As a result the foUowmg statement has received 
general acceptance , “ Rats with dietarj hepatic mjurv exhibit, m sequence, 
changes that vary from diffuse necrosis resembhng human acute or subacute 
\ ellow atrophy to advanced portal cirrhosis ”(17) Whilst we are convmced 
that a true diffuse hepatic fibrosis has been produced in rats, we suspect. 
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however, that the majority of the lesions which have been descnbecl as such 
are really examples of post-necrotic scarrmg 

It 18 apparent that diffuse hepatic fibrosis differs from post-neorotic 
scarrmg of the liver, not only as regards its clmical history and speed of 
development, but also m pathological appearances First, the liver in 
diffuse fibrosis is finely granular (Fig 4) , the scarred hver resulting from 
necrosis is cut up by deep scars and disfigured by projecting nodules (Fig 3) 
Second, microscopic exammation leveals that in diffuse fibrosis the fibrotic 
process uniformly affects every lobule throughout the hver (Fig 0 and 7) , 
after acute necrosis the fibrosis is irregularly distnbuted so that thick bands 
of fibrous tissue separate areas in which the hver lobules are normal (Fig 6) 
T hir d, necrosis is absent m diffuse fibrosis , m post-necrotic scarring dead 
and dying groups of cells, often caught up m the fibrous tissue, are prominent 
features And fourth, we have never seen diffuse fibrosis without fatty 
mfiltration of the hver cells , hepatic necrosis can, and usually does, occur 
without there beuig any excess of fat m the hver 


II The Peodttction' of Massive Hepatic Neceosis 
Exclusion of an infective factor 

Careful post-mortem exammations have been made of all rats dying 
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We consider that, taken together, these data justify ns in considering 
that the hepatic necrosis nnder investigation is not primarily due to an 
infective agent 


The dietetic factor concerned 

At the hegmmng of this paper it was stated that at one time or other 
practically every known dietary constituent, save carbohydrate, had been 
indicted as the cause of dietetic mjuiy of the hver The followmg conclusions 
exclude aU save one 

On certam diets no necrosis occurred showmg that, if this lesion could 
be caused by a vitamm deficiency, the quantity and lype of the vitamins 
supphed to our ammals were adequate to prevent its development On 
other diets necrosis oonsiatentl 3 developed, despite the fact that the animals 
were receivmg the same vitamm supplements It is thus apparent that 
the hepatic necrosis seen m our experiments could not be due to a deficient 
supply of one or more vitamiiis Similar considerations exclude a deficiency 
of any mmeral factor as the causative agent Massive necrosis of the liver 
can be produced with equal facihty by means of diets predommantly 
composed of fat or predominantly composed of carbohydrate (Tables 1, 2, 
3 and 4) provided that the rest of the diet is appropriate The condition 
cannot, tWefore, be due to variations m the supply of either of these 
foodstufiPs The remammg dietary constituent is protem and it will now 
be shown that the development of hepatic necrosis is dependent on the 
quantity and quahty of the protem supplied 

Quantity of the dietary -protein 

It has been customary m the work on dietetic mjury to pay attention 
onlj' to the percentage composition of the diet and to allow the animals an 
unlimited supply of food Our experiments show, however, that it is the 
amount and not the proportion of protem m the diet that matters We 
therefore set out to determme systematically at what levels of protem 
intake massive hepatic necrosis developed when the protem used was, &om 
a biological point of view, of first class value For this purpose we chose 
casern as the test protem 

Table I shows the relationship between the development of hepatic 
necrosis and the casern content of the diet both when the diet consists 
predommantlj of fat and when it consists predommantly of carbohydrate 
It mil be seen that necrosis only occurs mthm a certam range of values for 
dietary casern and that mth values either above or below this range no lesion 
occurs The importance of considermg the absolute amount, rather than the 
proportion, of a particular food eaten, is evident from these results If 
attention is paid onl\ to the proportion of casern eaten it would appear that 
8% of casein m the diet is sufficient to protect agam necrosis when the diet 
IS composed almost entirely of carbohydrate whilst this proportion is 
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insufficient when the diet consists predominantly of fet Eeference to the 
actual quantities of protem eaten by the animals on the two diets shows 
however that, owmg to their greater appetite, animals receiving the 
carbohydrate diet consumed 20% more casern daily than did the ammak 
receivmg the fat diet The important factor therefore is not the proportion 
but the amount of casern eaten daily and accordmg to the figures m Table I 
acute hepatic necrosis occurs when the mtake hes between 500 mg and 
200 mg per rat per diem 

This ontical range of casern intake is only approximate and we suspect 
that it may be narrower than our figures mdicate In our experiments 
the ammaU were fed in groups Ihe result was that the smaller rats were 
jostled away from the feedmg bowl by the bigger animals and consequently 
may have obtained less food When the amount of casern supplied fell m 
the middle of the range this would be of httle moment, but at the upper 
limit of the range there was always the possibihty , that m this way, the casern 
consumption of the weaker animals might be curtailed to such an extent as 
to cause the development of hepatic necrosis It is possible that in this way 
the death from hepatic necrosis of three out of the thirty-three animals on 
the 8% casern, fat diet, and one out of the sixteen animals on the 8% casern, 
carbohydrate diet might be explamed 

The most surpnsmg fihdmg m these particular results is that when 
the casern mtake falls below a certam minimum necrosis of the liver fails 
to develop m animals takmg a fat diet and its mcidence decreased m the 
case of those takmg a carbohydrate diet This occurs even though the 
ammals survive beyond the time required to develop necrosis Thus, whilst 
60% of the animals on a fat diet died of necrosis when the daily mtake of 
casein vas 270 mg none died of this lesion when the daily mtake was 200 
mg , and whilst 43% of the animals on a carbohydrate diet died of necrosis 
when the casern mtake was 290 mg , only 12 6% died from this lesion when 
the mtake was 150 mg (Table I) It is easy enough to accept the observation 
that ammals can be protected against the development of massive necrosis 
when more than a certam daily mimmiiTn of casern is supphed , but clearly 
a special explanation is required for the finrf7ng that a reduction of the 
casern mtake below a certam level also protects 

The case of ammals on a 4% casern, fat diet can first be considered 
The most obvious explanation of their failure to develop necrosis is that 
their food requirements had fallen through mamtion That this explanation 
IS not vahd can be seen from Table I which shows that these aniTnals utilised 
as much food as did those on a 6% casern, fat diet, of whom 60% died of 
massive necrosis The foUowmg explanation is suggested. AniTnalg on a 
fat diet with a daily mtake of less than 200 mg of casern waste greatly so 
that at autopsy the abdominal muscles appear only as filmy brown strands 
between the peritoneum and skm It is suggested that an mtake of casern 
of less than 200 mg a day is so insufficient for the needs of the nmmal that 
body protem is mobilised and that, m the course of this mobilisation, a 
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protein product which protects against necrosis is set free and used by the 
hver This suggestion would also explain why starving animals do not 
develop necrosis The findmg that, in the case of animals on a carbohydrate 
diet, reduction m the protem mtake firom 290 mg daily to 150 mg daily 
reduced the mortality rate from necrosis from 43% to 12 5% can be explained 
on the same hnes if we take mto account the protem spanng action of 
carbohydrate (25) At autopsy animals on a 2% casern, carbohydrate diet 
are not emaciated It is suggested that on this diet the deficiency of 
protem is such as to cause some degree of mobilisation of body protem 
but not sufficiently severe to bnng about mobilisation of such a degree as 
would result m the hver receivmg adequate snpphes of the protective factor 


Quality of the dietary protem 

The precedmg results show that, when casern is the sole source of 
dietary protem, hepatic necrosis does not develop if the amount eaten daily 
by the ammal is more than 500 mg With other proteins this limit does 
not apply Reference to Table II will show that when yeast protem is 
substituted for casern m the diet necrosis occurs at higher levels of protem 
mtake Thus on the diets with a fat basis a daily mtake of 1 gramme of 
casern protects completely against the devebpment of hepatic necrosis 
a daily mtake of 1 gramme of yeast protem allows 66% of the animals to 
develop the lesion Agam on the diets with a carbohydrate basis 500 mg 
of casern daily are sufficient to prevent hepatic necrosis m all save 6% of 
the animals , if 500 mg of yeast protem are supphed mstead the lesion 
develops m 88% of the animals 

At first sight these results might be explamed by postulatmg either 
that yeast contamed a toxic substance or, alternatively, that it is deficient 
m some essential nutriment Our results show that the latter explanation 
IS correct First, if yeast contamed a toxic agent then one would expect 
that the greater the amount of yeast m the diet the greater the mcidence, 
and the swifter the development, of the hepatic lesions In our experiments 
the reverse is true When the mtake of yeast protem is about 500 mg per 
rat per diem 70% — 90% of the animals show necrosis between, on the 
overage, the 45th and 60th days , when the mtake is about 1 gramme daily 
only 56% of annuals develop necrosis and then not until they have been 
takmg the diet for an average of 100 days (Table II) Second, if yeast 
contams a toxic agent, then if we compare the mcidence of necrotic lesions 
of ammals on a low casein diet {e,g 4% casern, carbohydrate diet 
Table I), with the mcidence m a group takmg a diet contammg the same 
amount of casern pl^ yeast protem {eg 4% casern, 4% yeast protem, 
rarbohjdrate diet. Table 2) we should expect the mcidence to be higher m 
the latter group ActuaUy we find that the mcidence is lower on the diet 
containing yeast Thirdly, hepatic necrosis can be produced on diets which 
contam no jeast provided the casern content is sufficiently low 
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The conclusion from these expenments is, therefore, that dietary 
hepatic necrosis results from the deficiency of a suhstance which is either 
a component of, or associated with protem , and that casern is relatively 
nch whilst yeast protem is relatively poor m this substance 

Our results with diets containmg yeast are m conflict with the views of 
Oyorgy and Goldblatt (15, 16, 17) They believe that yeast protects against 
the development of all types of hepatic injury due to diet On examination 
of their data, however, it will be found that they base their opinion on 
experiments m which the yeast was added to the diet This addition clearly 
introduces not one, but two variables mto the experiment , first an mcreaso 


in total dietary protem, and second a possible specific protective action of 
j'^east Our experiments show clearly that, when the total dietary protein 
IS kept constant by subsMxdtng yeast protein for casein, the incidence of 
necrosis increases and they thus disprove the suggestion that yeast has a 


protective action against the doveiopmenti oi nepatiic necrosis j.nis leasts, 
however, a further question to be considered if yeast protem is, in itself, 
relatively ineffective m proteotmg against necrosis of the hver, w'hy does its 
addition to, m contrast to its substitution m, the diet decrease the mcidenco 
of this lesion « Some hght on this question is thrown by our experiments 
On a 4% casein, carbohydrate diet (Tables 1 and 3) the incidence of 
hepatic necrosis is 87% On a 4% casern, 4% yeast protem carbohyjate 
di4 (Table 2) the mcidence is 21% There are two explanations of these 
results The firat is that owing to the effect of yeast m stimulating the 
appetite the amount of casern eaten by the animals on the 4 /„ casern, 4 /„ 
yeLt protein, carbohydrate diet was greater than that eaten by ammak on 

the 40 / casein carbohydrate diet and thus these latter ammals took in mo o 
me 4 /o case u, Jit i nn/l Table 21 The second explanation 

casern would allow ^ ® results on the fat diet raise similar 

available to the benefit y and 3) none of the animals 

problems On a 4% i% ye^t protein, fat diet (Table 3) 

developed necrosis , on a 4 /o c^em, Jo 7 ^ explanations First 

54% sLwed this lesion the intake of 

that the inclusion of yeast, by m g cntical level of 

casern so That the amount J ^ ^ecroL dVetops Second. 

200 mg per rat per diem mto t J . purposes, removes the need 
that the yeast, hy arpTSe the hberat.ee eath.e 
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being compatible with the hypothesis required to explain the absence of 
necrosis during starvation and in animals receiving the 4% casern, fat diet 

Influence of carbohydrate and fat on the protein requirements 

It has long been known that suscepfcibihty to certam hver poisons can 
be mcreased by an mcrease of dietary fat and decreased by an mcrease of 
dietary carbohydrate (26) It might therefore have been expected that the 
amount of fat or the amount of carbohydrate m the diet would influence 
the habihty of animals to develop dietary hepatic necrosis At first glance 
our results imght be mterpreted as lending support to this expectation 
Thus on the 4% casern, 4% yeast protem fat diet 54% of the animals show 
necrosis , on the 4% casern, 4% yeast protem carbohydrate diet only 21% 
have the lesion Inspection of the figures for food consumption on the two 
types of diet shows, however, that the appetites difiered with the result 
that, although the proportion of protem might be the same, the amount 
consumed was differeut Thus the daily amount of protem (i e casern 
plus yeast protem) consumed on the two diets mentioned was 532 mg and 
608 mg respectively Our results therefore provide no evidence that a 
high content of dietary fat facihtates or a high content of dietary carbohydrate 
protects against the development of hepatic necrosis They mdicate that 
the sole dietary factor detenninmg the mcidence of necrosis is the protem 
fraction of the diet 

Influence of fatty infiltration of the liter 

Many of the papers dealmg with dietary hepatic mjuiy attribute 
importance to fatty mfiltration of the hver as a predisposing factor (5, 7, 30) 
Thus to quote from one paper “ Expenmentary dietary hepatic mjuiy 
(difiuse or focal necrosis and cirrhosis m rats, with or without ascites and 
pleural and pericardial efiiision) is detennmed by the dietary factors 
instrumental also m the production of fat infiltration of the hver ” (17) 
In this section our concern is to determme the relationship of fatty 
mfiltration to massive hepatic necrosis, and to its sequel post-necrotic 
scamng, but, owmg to the failure of previous workers to difierentiate this 
latter condition from difiuse hepatic fibrosis, it appears that no evidence on 
this relationship has hitherto been produced 

Table 3 shows the relationship between the fat content of the hver 
and the incidence of massive hepatic necrosis It will be seen that the 
highest incidence of necrosis is m those groups of animals m which the 
amount of fat m the hver is either not, or only very shghtly, raised Eor 
example, after 66 days on a 50% fat diet those animals whose diet contams 
16% casern had 27 18% of fat m the hver , those whose diet contamed 
1 2% yeast protem had only 6 01% In the former group none of the 
ammals showed hepatic necrosis , m the latter this lesion was present m 
71% Evidence to this same effect is provided by the other data, and 
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further, there is even an indication that fatty infiltration actually protects 
against the development of hepatic necrosis Thus on an 8^^ casein, fat 
diet, the percentage of fat in the liver \ra3 just over 25% and out of 33 
nmTnn.lR on the diet, two showed partial and one extensive necrosis When 
chohne was added to the same diet to reduce the amount of liver fat, the 
percentage of fat m the hver rose only to 15%, and five out of the thirteen 
animals on the diet died with extensive hepatic necrosis 

The beneficial effect of casein m protectmg agamst dietary hepatic 
lesions (2) (8) has been attributed to its effect m reduemg the amount of 
liver fat It is evident from our figures that yeast is far more powerful in 
this respect than casern and yet necrosis occurs more readily on diets 
contammg yeast than on diets contammg casern The protective action 
of casein agamst the development of dietary hepatic necrosis cannot, 
therefore, be explamed by the hpotropic action of this substance 

It thus appears that massive hepatic necrosis can, and usually does 
occur m the absence of fatty mfiltration of the liver , that the protective 
action of casein m regard to this lesion is unconnected with its known 
hpotropic action , and that it is possible that a high content of bver fat 
may actually protect against the development of hepatic necrosis 

The, influence of choline 

The concern which the majoniy of workers have shown m mvestigatmg 
the effect of cholme upon dietetic injury of the hver in general is largely 
attnbutable to the importance attached to fatty mfiltration of the hver as 
a factor predisposmg to hepatic mjury If fatiy infiltration is credited 
with this mfluence then obviously it ^comes of importance to determme the 
effect of hpotropic agents, and of these cholme has been estabhshed as one of 
the most powerful (1, 2, 3) The concensus of published opmion appears 
to be that chohne reduces the mcidence of, or even prevents, the development 
of dietary “ cirrhosis ” But agam we are faced with the difficulty that the 
term “ cirrhosis ” has been used mdiscmninately to mclude diffuro hepatic 
fibrosis and post-necrotic scarrmg, or even acute necrosis It is, therefore, 
difficult to discover what was the actual effect of cholme on any one of these 
conditions The one lead is the statement of Earle and Victor (12) that the 
addition of chohne to a diet which produced both “ cirrhosis ” and necrosis 
increased the mcidence of necrotic lesions 

In Table 4 are shown the effects of addmg 4 mg of chohne per rat per 
diem to the diets we have considered previouslj On comparison with 
Tables 1 and 2 it is evident that chohne does not reduce but rather mcreases 
the mcidence of hepatic necrosis Thus on the 8% casern, fat diet, one out 
of thirtj -three ammals died with extensive necrosis and two which were 
killed showed partial necrosis , on the same diet, when chohne was added 
fi\ c out of thirteen animals died with extensive hepatic necrosis Comparison 
of the seventj of the lesions on diets with and wnthout added chohne gives 
the same impression 
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If, as Tre 'bdieve, chohne tends to mcrease the moidence, and to aggravate 
the seventy of dietary hepatic necrosis, the question arises as to ho\r this 
effect 13 brought about Our results on the relationship between the fat 
content of the liver and the development of necrosis suggest that a high 
content of fat in the hver may tend to protect the organ against necrosis 
If this suggestion is correct then the administration of choline to animals 
whose hvers contain much fat might, by reducing the amount of hver fat, 
allow necrosis to develop 

NvtnUonal state of the animals \n relation to the deidopment of hepatic 

necrosis 

It bemg well established that the requirements of animals for certain 
food stuffs vanes with their nutritional state it is important to consider 
whether there exists any relationship between the mcidence of hepatic 
necrosis m our animals and their state of nutation For this purpose 
attention may be directed to three factors growth, food consumption, and 
the presence or absence of ansemia 

There is no relationship between the growth of our animals and the 
development of hepatic necrosis Thus, although the animals lost weight 
when taking many of the diets winch produced necrosis {eg 7 2% yeast, 
protein fat diet), they gamed weight steadily on others (e g 14 4% yeast 
protem fat diet) Agam our animals taking the diet which caused the greatest 
loss of weight , the 4% casern, fat diet, showed no necrotic lesions at all 
Similarly there is no relationship between the calones consumed daily and 
the mcidence of necrosis (Tables 1, 2 and 4) Lastly none of our animals 
with necrotic lesions showed any significant degree of anaemia 

Rdaiionship of the composition of the diet to the seierity of the hepatic necrosis 
and to the length of the latent period before its deidopment 

In the precedmg sections we have considered only the mcidence of 
necrotic lesions m the hvers of ammals on the different diets Consideration 
of the seventy or the speed of development of hepatic necrosis on the 
different diets adduces further evidence m support of the conclusions we 
have already drawn 

Seventy has been assessed by the extent of the lesion m the hver 
IVIien the necrosis extended over all lobes of the hver it was said to be severe , 
when it mvolved onl 5 ' certam parts of the hver, it was said to be mild This 
classification accords with the clmical state of the animals for rats with 
extensive necrotic processes died, or appeared to be d 3 nuig when killed, whilst 
rats with partial necrosis had only a moderate degree of lUness and usually 
survived Reference to Tables 1, 2 and 4 will show that the diets which 
produced the greatest mcidence of necrosis m general also produced the 
greater proportion of severe lesions 

In assessmg the length of the latent penod before development of the 
necrotic lesions we have had to confine our attentions to rats who died or 
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Avore obviously dyuig of hepatic necrosis In effect this moans that aa o liaA e 
considered the latent penod of development only in animals vnth severe 
lesions, for animals AVith partial necrosis had usuolly such a mild illness that 
AA e AA'ere not always certain from the clinical state whether necrosis had or 
had not developed Again, however, the data m Tables 1, 2 and 4 shon 
that the time required for necrosis to appear Avas less when the animals aactc 
taking a diet causing a high mcidence ot hepatic necrosis and greater aaIicu 
they AAcre taking a diet causmg a low incidence of the lesion 

Tlic question noAV aiises Aidiy in a group of animals on a particular diet 
some had no lesions, some had only partial lesions and some had extensive 
lesions The absence of lesions m some of the animals can bo explained on 


the grounds that they vere killed before the lesions had time to develop 
But the freedom from necrosis of other ammals cannot be so explained 
In inony groups there AA'ere ammals who survived unscathed after several 
of then felloAAS had died of neciosis The existence of such animals, and of 
those AAith partial necrosis, ui a group in uhich the other members all shoved 
extensive neciosis, can be accounted for, at least m part, by the method of 
oToup feeding aaIucIi wo used All the ammals in one group received thoir 
food out of one dish As a result the more adroit ammals got more food, 
peilmps sufficient to prevent tlieir developmg any necrosis at aU , the loss 
adroit got sufficient to prevent extensive necrosis but not 
partial necrosis, and the timid the least amount of food so that 

ixtonsivc necrosis The proportions of the “,5 ^ 

tliese different degiees depends on the composition of the diet Using tl o 

yeast protein, carbohydrate diet (lab J revealed extensive 
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facibtate development of the necrosis , and that massive necrosis of the 
hver can occur \athout the intervention of any exogenous toxic agent, be it 
chemical or mfective, and solely as the result of a deficient diet These 
findings throw light on several puzzling clinical and pathological features 
of the condition 

The existence, before the appearance of massive hepatic necrosis, of a 
latent period during which the animal is contmnously exposed to the effective 
dietetic conditions is esplamed as follows At the be ginnin g of the 
expenmeut the animal possesses certam stores of labile body proteins (3G) 
Massive hepatic necrosis is due to a deficiency of certam constituents of 
protem The latent period is the period of time required to deplete the 
body’s stores of protem of the essential protem constituents It will readily 
be seen that the more deficient the diet m these constituents the sooner the 
stores of protem wiU be depleted and the shorter will be the latent period 

Our results also offer an explanation of the particular distribution of the 
necrotic lesions m partial massive necrosis of the hver Protem is digested 
in the small mtestme and the products of its digestion are earned to the hver 
m the blood of the supenor mesenteric vem This goes predommantly to 
the nght lobes of the hver As a result constituents of the superior mesen tenc 
vem blood reach the left hepatic lobes only through the general circuhition 
and after they have run the gauntlet of the hver cells of the nght lobes 
Thus greater amounts of these constituents of protem required to pit vent 
the development of massive hepatic necrosis reach the right lobes of the 
hver than reach the left If therefore, the animals diet is grossly deficient 
m the necessary protem constituents the hver cells m all lobes will obtam 
too httle and, when the requisite depletion of the stores of protem m the 
body has occurred, a generalised massive necrosis of the hver will result 
If, however, the diet supphes the protective factor m amounts larger, but 
still insufficient, for the needs of the whole hver, then the cells of the nght 
lobes will obtam sufficient while the cells of the left lobes will get insufficient 
The result will then be that necrosis develops m the left lobe of the hver only 

It remains to explam why animals who survive an attack of hepatic 
necrosis, may contmue to take the offendmg diet and even tegam a moderate 
degree of health In many cases animals survive an attack of partial hepatic 
necrosis only to die later in a second attack of necrosis nhich mvolves the 
whole organ In others a second attack of necrosis does not supervene and 
at autopsy, many weeks after the onginal illness, aU that is found is scarrmg 
of the lea lobes of the hver whilst the right lobes appear healthy The 
course taken by the illness depends largely on the diet If the diet is grossly 
deficient m the quantity and quahty of protem the animal usually dies 
sooner or later of acute necrosis , if it is less deficient it may have one attack 
and then survive Two explanations occur to us and each may apply under 
different cttcumstances First when partial necrosis occurs* it ehmmates 
those cells which do not receive blood direct from the small mtestme The 
remammg cells now aU receive directly blood which has the highest possible 
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concentration of the necessary protein constituent and none have to exist 
on blood which contains only a residual fraction The continued healthy 
existence of the remaining liver cells may thus be assured The second 
explanation applies particularly to animals on a grossly deficient diet who 
survive a first attack of partial necrosis As a result of the failure of appetite 
m such animals the amount of protem consumed falls below the dietary 
level at which necrosis occurs, the animal mobilises sufficient first class 
protein from its tissues to prevent the further development of necrosis, and 
the ilhiess is arrested With returnmg health the appetite improves, sufficient 
dietary protem is consumed to elimmate the need for breakmg down body 
protem, u itli the result that the hver cells are agam exposed to a deficient 
supply of the necessary protem constituent and conditions are agam npe 
for a further attack of necrosis 


ni The Production of Diffuse Hbpatio Pibrosis 

The separate production of diffuse hepatic fibrosis 

In the pieccdmg sections several diets have been desenbed which produce 
massive hepatic necrosis without producing diffuse hepatic fibrosis In 
this section^ets ivill he considered winch produce diffuse hepatic fibrosis 
! nroduomg massive hepatic necrosis The too centooM have tta 

itteenp—mdependeW of the ether and the proofotte 

difference established 
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the fat diets which did not lead to difiiise hepatic fibrosos did not produce any 
fatty infiltration of the liver It thus appears that there is a close associataon 
between fatty mfiltration of the liver and diSiise hepatic fibrosis and that 
factors which prevent, or delay the development of fatty infiltration also 
prevent or delay the development of diffuse hepatic fibrosis 

In considermg the relationship of fatty infiltration to drfiuse fibrosis 
of the hver, attention must be paid to the tune factor After an animal has 
been given the appropnate diet fatty infiltration of the hver develops m a 
matter of days , difiEuse hepatic fibrosis does not appear imtil months later 
It IS therefore dear that fatty mfiltration does not immediately cause 
fibrotic changes m the hver but that it must be present for a considerable 
tune before difiiise hepatic fibrosis develops In this connection an 
observation of Chaihoff and his co-workers (7) must be cited They found, 
and we can confirm, that the fatty infiltration of the hver tends to decrease 
as the difiiise fibrosis develops Whilst therefore the state of fattj mfiltration 
appears to be a necessary antecedent to diffuse hepatic fibrosis it does not 
seem to be a necessary concoimtant 

T urning now to the factors which prevent the deposition of fat m the 
hver, casern, chohne, and yeast, it is found that two of these are already 
well known for their hpotropic action The hpotropic action of casern 
(2, 8) 18 relatively weak and it is only demonstrable where considerable 
quantities of casern are added to the diet Nevertheless its action is not 
negligible as can be seen from Table 3 which shows the effect of small 
mcrements of dietary casern on the fat content of the hver of animals takmg 
a carbohydrate diet It is thus of significance that whilst we were able to 
produce typical diffuse hepatic fibrosis with a 50% fat diet contammg 8% 
casern m 150 days it took 250 to 300 days to produce similar lesions with a 
50% fat diet contammg 16% of casern Chohne has a much more powerful 
hpotropic action than casern (2, 3, 8) but its hpotropic effect does not appear 
to contmue mdefinitely It has previously been pomted out by one of us 
(H P H (18)) that, whilst chohne will retard the deposition of cholesterol 
mthe hver, this effect is not sustamed and that eventually the hvers of rabbits 
receivmg a high cholesterol diet contam the same amount of cholesterol 
whether they have been given chohne or not This same warung hpotropic 
influence of chohne is seen m the case of rats takmg an 8% casern, fat diet 
and receivmg a supplement of 4 mg of chohne per rat per diem (Table 3) 
It IS therefore possible that the action of chohne m relation to diffuse hepatic 
fibrosis may be to delay rather than prevent the lesion The hpotropic 
action of yeast appears to be the most powerful of the three For two reasons 
it does not seem to ns that it is possible to refer its hpotropic action to the 
chohne content of yeast First, our yeast did not supply as much chohne, 
on any diet, as was snpphed by a supplement of 4 mg of chohne per rat per 
diem , and yet its hpotropic action was greater Second, the hpotropic 
action of yeast showed no signs of wanmg throughout the period of our 
evpenments The conclusion appears to be that yeast contains an unknown 
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on iete Mntannng yeast, L be atoiS ^ ““ 

Although we refer to the lesion under discussion as diffiiRP 
fibrosis it would be incorrect to understand from this that tl^esion a?us 
inception, appears simultaneously throughout the whole hver mass The 
earhest lesions appear m the territory supphed by the left branch of the portal 
vein and even when the condition involves the whole organ the morbid 
processes tend to be more advanced on the left lobes This observation 
honevor, should not lead to any confusion with post-necrotic scarring from 
V Inch (frfiuse fibrosis is easily difierentiated by the absence of necrosis and 
the uniformity of the fibrosis The reason for the more advanced state of 
the lesions in the left lobes can be seen from examining the hvers of animals 
winch have been takmg the diet for only a short time It is there seen that 
the left lobes of the liver are far more heavily mfiltrated with fat than are 
the right lobes This we attribute to the right lobes receivmg a relatively 
more liberal supply of lipotropic factors through the blood from the small 
intestine Later this partition of fat between the two sides of the hver 
disappears and the whole organ becomes uniformly mfiltrated But it is 
clear that at any time m the course of the development of diffuse hepatic 
fibrosis the left lobes of the hver will have been subjected to the influence 
of heavy fatty infiltration for a longer time than the nght It is therefore 
only to be expected that diffuse hepatic fibrosis should commence, and tend 
to be more developed, m the left vascular temtory of the hver 

It would thus appear that diffuse hepatic fibrosis produced by dietetic 
moans results from long contmued, mtense, fatty mfiltration of the hver 
and that factors which reduce this fatty infiltration also retard the develop- 
raont of diffuse hepatic fibrosis 

Discussion on diffuse hepatic fibrosis 

In previously published reports on the effect of diet m produemg 
fibrotio lesions in the liver no distmction has been drawn between post- 
necrotic scamng and diffuse fibrosis of the liver, both processes being included 
together under the term “ cirrhosis ” For this reason when trying to discover 
tlio findings of other workers on the effect ot different factors on the dovolop- 
ment of diffuse fibrosis it is only possible to take account of those papers in 
which descnptions or photographs of the lesions produced estabimh that the 
lesions under consideration are m fact those of diffuse hepatic fibrosis and 
not those of posfc-necrotio scarring Applymg this criterion it appais that 

undoubted exumplos of diffuse bepete m 

oinonmentttlly by tour groups of workers , Chaikoff end his coDeogoe ( ) 
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All these groups of workers used high fat diets Eich and Hamilton showed 
further that the lesion was prevented bj supplements of yeast, and 
Blumberg and Grady that it was prevented bj cholme All the diets used 
by these workers were such as would produce fatty infiltration of the bver 
Fatty mfiltration of the bver can, however, be produced m tu o ways, 
either by giving a diet rich in fat or by givmg a diet poor m lipotropic factors 
Thus fattj mfiltration of the hver can readily be produced by givmg a pure 
carbohydrate diet which is at the same time poor m lipotropic factors (2) 
Our 8% casern carbohydrate diet is of this nature and produces, as can be 
seen from Table 3, a moderate degree of fatty mfiltration Theoretically 
such a diet might be expected to lead to the development of difiiise hepatic 
fibrosis, but we have not observed uneqmvocal evidence of the lesion m 
any of our animals durmg the observation period of 250 days It seems 
probable however, that Lilhe, Daft and Sebrell (22) produced diffuse 
fibrosis by means of their first carbohydrate diet Tins contamed 82% of 
starch, 4% of casern and 5 % of brewer’s ) cast and resulted m the development 
of diffuse fibrosis after ten months on the diet, m both young and old rats 
In later papers this group of workers claimed that by altenng this diet they 
had improved their method so that now they could produce the lesion m 
7 to 12 weeks (10, 11, 23, 24) The alteration m the diet consisted of a 
reduction m the dietary protem by removal of the brewer’s yeast and, 
from their descnption of the lesion resnltmg from this new diet, it appears 
very probable that the entirely different condition of post-necrotic scarrmg 
was now bemg produced In our opmion it is highly improbable that 
diffuse hepatic fibrosis can be produced by dietetic means in rats m less than 
150 days and we suspect that when claims are made to have produced the 
lesion more rapidly then the lesion m question was post-necrotic scarrmg 

Most workers mvestigatmg dietetic mjui^' of the hver have used diets, 
such as our 8% casern, fat diet, which produce both necrosis and diffuse 
fibrosis of the liver (4, 5, 12, 17, 24, 33, 34) This is no accident It havmg 
been suspected that the development of diffuse hepatic fibrosis was facihtated 
by a preceding fatty mfiltration it was only natural to decrt ase the hpotropic 
factors m the diet devised Of such factors protem was the most obvious 
The result was that diets were prescribed m which the content of casern was 
sufficient to prevent the ammals dymg and yet msufficient to retard the 
development of fatty mfiltration of the liver It is easy now to see why 
rats on such a diet would develop a varrety of lesions The ammals least 
adroit m obtaming food would die of necrosis, those more adroit would 
sunnve to develop post-necrotic scarrmg, whilst the most adroit would 
lue to develop difihise hepatic fibrosis Amongst animals on such a diet, 
wlio survived for any length of time, two lands of fibrotic lesion m the hver 
would be found , simple diffuse hepatic fibrosis, and a mixed lesion m which 
the left lobes are the seat of post-necrotic scarrmg and the right lobes the 
seat of developmg diffuse fibrosis The natural conclusion from such 
expenments might uell be that dietetic fibrosis of the hver was of one kmd 
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only and that hepatic necrosis was hut the first stage in the sequence to this 
lesion It is now apparent why such conflicting opinions have been expressed 
regarding the influence of substances like choline and yeast on dietetic 
“ cirrhosis ” of the hver for it is clear that the term cirrhosis of the hvor 
has been used to include two distinct conditions and that chohne, yeast and 
several other substances exert different effects on each of these 

Thus it appears that diffuse hepatic fibrosis can bo produced 
independently of massive hepatic necrosis Diets nch in fat, and diets 
devoid of fat but poor in bpotropic factors, can both lead to diffuse hepatic 
fibrosis These two types of diet possess the common property of producing 
fatty infiltration of the hver The development of fatty mfiltration of the 
liver produced by either type of diet can be prevented, or its development 
retarded, by admmistration of hpotropic factors , and lipotropic factors 
have also been found to prevent or retard the development of diffuse hepatic 
fibrosis in animals taking these diets It, therefore, appears that fatty 
infiltration of the hver, of long duration, leads eventually to the deielopmont 
of diffuse hepatic fibrosis 


SUMMABY 

1 Two distinct lesions can be produced m the rat’s hver by dietary 
moans One, massive hepatic necrosis closely resembles the condition of 
“ acute yeUow atrophy ” in man , the other, diffuse hepatic fibrosis, has au 
equally close resemblance to human portal cirrhosis 

2 Massive hepatic necrosis is charactensed ohmeaUy by an acute 
illness winch develops suddenly, after a latent 

nodular hyperplasia develops 

3 Dzffuso topat.0 8bro™ « JlyTy 

deterioration of heeltli fibres? irtoob fat 

slow developn^nt thronghont ^ 

Circumscribes and later invades the lobules 

4 Messive hepetio “r™™ “ 

Ste? ^’‘reorapU of proton, ratter then en mtaet 

^“Tnr^rS;^ provide no evident ^ ^ 

Yitinun or mineral defioienoy, or ^ suggest, bowever, that 

of tbe brar protests sga»st, fa 

development 
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6 DifEuse hepatic fibrosis is produced by diets which, because they 
contain an excess of fat or are deficient m lipotropic factors, also cause fatty 
infiltration of the hver 

6 It is concluded that massive hepatic necrosis, with its sequel nodular 
hyperplasia, is a deficiency disease due to lack of a component of protem 
whilst difFose hepatic fibrosis results from long contmued, heavy fatty 
infiltration of the hver 
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Fig 1 Fxten-ne mas«nf* hepnt c necrO'ia acute \enoTr a^roph\ '•tage The necrotic 
procev^ n*« Ande*»pread throuchout all the lobe^ of ’^he In er The dark spota on the surface 
repre^nt petechial hTmorrhage^ The other dark area'> represent places where the necrotic 
proce^^ In a little more ad\anced than in the re^t of -^he Urer 

Fig 2 Partial mna^ne hepatic nccroai^ «ubacute rerl atroph\ stage The dark pomnna 
of the photograph repreNcn* areas of necro<n^ in the ^tage of red Btroph\ It will be 
that the proce«« i** confined to the left lobe< of the Iner The rest of the organ is normal 

Fig 3 Po-t necrotic Ncamng commencing nodular h\’perplaNta m le^t lobeN The left lobes 
of the In cr are cut ud h\ deep and irresidar «cars The nght lobes are normal m e\ er\ wa\ 
(Tlie appearance of flecking in the nght lobes is due to h\-pcx-emia ) 

Fig 4 DiffiiNC hepatic fibrosis portal cirrhosiN The whole surface of the organ u? finely 
ptiniilar a result of a diffuse fibrosis There are no deep «carb such as occur m post necrotic 
scarring 




CARDIAC OUTPUT Df SEVERE AN^iHA 


By E P SHARPEY-SCHAEER * 

{From the Department of Medicine, British Postgraduate Medical School) 

Acute reduction of blood volume is generally held to cause “ shock,” yet 
m post-hsemorrhagic and chrome ansemia levels as low as two htres may he 
found without decrease m sistohc blood pressure (12) These results called 
for further mvestigation of the factors mamtaimng the circulation Usmg 
a direct Pick method m dogs, Blalock and Hamson (2) showed that cardiac 
output and the percentage utilisation of available o'vygen m the blood were 
mcreased m ansmia following hsemorrhage In man the mam problem 
has heen to find smtable methods for measuring cardiac output Estimations 
by respiratoi^' techniques (5, 10, 13, 14, 16) demonstrated mcreased cardiac 
output m ansemia, but the complexity of the methods makes accurate 
quantitative evaluation difficult and serial measurement impossible Starr 
(17) obtamed similar results with the balhsto-cardiogram, a method which 
may give valuable data on rapid changes but agam may be criticised on a 
quantitative basis (4) Cardiac catheterisation (3, 7, 11) affords a simple, safe 
and accurate means for determimng cardiac output m man, and also allows 
direct measurement of mean right auncular pressure and percentage 
utilisation of available oxygen This paper reports results obtamed in 
post-hsemorrhagic and chronic ansenua, mcludmg some cases showmg 
evidence of congestive heart failure, for which no cause other than aneemia 
was discovered 


Methods 

Ohservations were made about two hours after the rmdday meal 
Cardiac output bj a direct Pick method and mean right auricular pressure 
(RAP) were measured by cardiac catheterisation The procedure and 
calculations are described elsewhere (11) Average values for normal 
males m the supme position were — ^artenovenous (A-V) oxygen difference 
45 c c /htre and cardiac output 5 3 htres/mm Venous pressure (VP) 
was measured m an antecuhital vem, and V P and RAP are expressed 
m cm of salme with the sternal angle as zero While there is some mdividual 
variation when RAP is measured from a fixed pomt on the surface, we 
hai e usually found RAP to be about 4 cm below the sternal angle in 
normal supme subjects Blood volume was measured by a concentrated 

• I am mdebted to Dra Violet Breohey and J McMicliael for assistance in Tnalring the 
obscr\ntions and to the staff of the Badiological Department and 3Ir 4. H Latham for 
techmcal aid The Medical Research ConncH defrayed some of the expenses 
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corptiscle-hsemoglobm method (12) and hsemoglobm (100% normal = 
15 5 g per 100 c c of blood) by a photoelectnc method (9) Diastohc blood 
pressure was recorded at the first change in the sounds , m many cases sounds 
could be heard down to zero No treatment was given before the observations 
were made, other than rest and sedatives 

Results 

Results are shown m the table and some additional chmcal data m the 
appendix All cases showed mcreased artenal pulsation, increased pulse 
pressure, and capillary pulsation m the finger tips The shm was pale 
but warm, many had “ pistol-shot ” sounds over the larger arteries, a positive 
Duroziez’s sign and systohc murmurs on auscultation of the eyeball * »Systohc 
and, less commonly, diastohc cardiac murmurs were heard Cases with 
congestive heart failure showed oedema, cardiac enlargement and electro- 
cardiographic changes These findings were occasionally present, to a less 
marked degree, m patients who showed no conspicuous nse of venous pressure 

Poel-h<Bmorrhagic anaemia Cardiac output was mcreased m aU cases 
A second estimation m Case 4, ten days later, showed a normal output, 
though there was little difference m the hsemoglobm concentration on the 
two occasions Blood volume was reduced in the three cases in which it 
was measured The phase of mcreased pulse pressure appeared a day or 
more followmg the begmmng of htemorrhage Cases 2, 3 and 4 had an 
imtial penod of low blood pressure preceding the phase of mcreased pulse 
pressure 

Chronic anaemia (with or without cardiac failure) Cardiac output was 
increased and blood volume reduced Patients with the highest venous 
pressure showed the lowest hsemoglobm concentration Case 12 had the 
loue'st lifemoglobin and the highest venous pressure and cardiac output 
Blood volume, however, was not as low as m some cases Transfusion of 
concentrated corpuscles produced improvement as judged by the fall m 
venous pressure, noted 4 dajs later, when the blood volume was also found 
to be reduced Cases 13, 14, 13 and 20 ended fatally, the venous pressure 
remaining high until the end The table shows that resting mmute oxygen 
consumption was not decreased m these cases of post-hsemorrhagic and 
chrome anmmia In some cases oxygen consumption was probably sbghtly 
increased 


Discussion 

In previous observations (11, 15) we have confirmed m man the work of 
Starling and Wiggers estabhshmg that mmute output is mcreased bv raising 
the venous fillmg pressure on the right side of the heart, by acceleratmg the 


• ^ese Metis ha\ e been tcrmi^ * the hvperlvmetic svndrome b\ Hnm«jn f SI and 
‘ hvpcrlvina'mia b\ Starr (17) ' 
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heart drootly ''^^°venoS'‘“^^“nd“ 

eenaot be investigated separatly a® in the w'? i™*° “hangea m man 
must be considered together Althoueb nnr preparation, they 

statistical analysis, they suggest that R A insufficient for 

chronic an®nna js usually a high normal fi™ and 

mcreasmg the heart rate to abou/l20 per nun^ normal subjects, 
an increased cardiac output 111 ) fhnnai^ ^ atropme usually caused 

by a considerable fall in RlpLt^s^ 7 ®® «®“®tixne8 counteracted 

output in anminia, which t of The increased cardiac 

closes of atropine ^ould resuR^^^^ . ^ 

combined u^ a high norif R A 

increased, often great ^rt ed R AP m ^ 

any pre^nt olnuSl ais"’n^tr.nlt S^r^rmT nrM 

ses It IS difflonlt to oooept the suggestion tliat such increMod BAP 

rcsu tsfiomapassivedammmgbaokofbloodhehmdnfeihngheort AlLtfb 

tbo heart may bo fading to moot the demands made upon it on the Tenons 
s de. It 18 still putting out twice oi thnce the normal nimute volume In 
tlic presence of a reduced blood volume the rise of R A P must be the 
result of a pliysiological adjustment This adjustment is due to mechamsms 
as yet unstudied, but cleaily involving considerable reduction m the 
peripheral capacity of the v'ascular system Clinical observation of tlio 
pulse and skm circulation as well as calculation of total penpheral resistance 
(1) indicate peripheral arterial dilatation, so that reduction m vascular 
capacity must be at the expense of the capillary or venous systems It is 
possible, therefore, that greatly mcreased RAP represents the final stage 
of a contniuous process of adjustment, which results in the maintenance 
of the minimum necessaiy minute output In the Pick method of 
estimating caidiac output, caidiac output in litres per 1010 « 

Oxygen consumption moo per mm 



uiWij'ing ui jjue ibLwrmi uiuuu -cui ^A»xjijyit5, it vuv ut^mu^iuuui 

100%, arterial blood contams about 200 cc of oxygen per htre (alloimg 
for temperature and pressure and assummg 96% satuiatiou) At a normal 
resting oxygen consumption of 260 c 0 per mm , cardiac output cannot be 

less than = 1 25 litres per mm But if the hmmoglobm is 10%, 
Zvi) 

arterial blood contams only about 20 c c of oxygen per litre, and at the 
same oxygen consumption of 250 e c per nun , cardiac output cannot be less 


than = 12 6 litres per mm In Pig 1 the cardiac output data &om 
the table and 9 normal subjects are plotted against hwmoglohm concentration 
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on a loganthmic scale Two straight lines represent 100% and 25% 
utilisation of available o'^gen, and it will be seen that, as hsemoglohm falls 
cardiac output fends to approach the theoretical nmnmuin output 
Expressed in another way (Fig 2), the percentage of available oxygen 
removed m the periphery is increased In the most severe cases of anaemia 
80 to 90 per cent of available oxygen is removed and it is clear that, if this 
were not possible, cardiac output would have to reach even higher figures 
to mamtam mmute oxygen supply Fig 1 shows that three of the post- 



Fig I Cotdinc output plotted ogamst tuemoglobm concentration on o loganthmic Jcale Tlie 
nmcpomteotthetop of Ime Bate data from normal imbjccts over the age of 40 tberemaining 
pomts are obtained from tbc data m the table Circles mdicate post hsmorrhogic cases 
Lmo A represents 100°o utihsation of avaQable oxvgcn at an oxvgen consumption of 
350 c c per mm. (namel\ , the minimum possible cardiac output at diflerent boimoglobm 
levels) Line B represents 35 % ntihsation of available oxygen. 

hsemorrhagic cases had mmute outputs conspicuously greater than the 
mimmum necessary at the mdividual hsemcglobm level This difference 
between acute hsemorrhagic anaemia and chronic ansemia requires further 
study In view of the mcreased utilization of available o:^gen m the 
restmg state it is not surpnsmg that ischsemic muscle pain is so easly mdneed 
in severe an-emia 

Increased cardiac output and increased removal of available oxygen 
ate two adjustments which serve to mamtam mmute oxygen supply A 
third adjustment may be an active decrease m blood volume At a given 
rate of flow, available oxygen depends on the concentration of hEemoglobm, 
so that ulien total circulating h'omoglobin is low, reduction m blood volume 



130 


E P SRARPE7~8CHAFBR 


^7 concentration of heemoglobm 
The results m many cases suggest that reduction in blood volumfe is f more 
active process than a simple decrease of the number of red cells , thus in 
Case 12 concentrated corpuscle transfusion was followed m a day or two by 
a lower blood volume and clinical improvement 



lO 20 30 40 50 60 70 60 90 lOO 
^AVAILABLE OXYGEN REMOVED 


iig 2 Shows incrcAscd ponpltorol utilisation of o\ailable o\jgen nt low hamoglobin ]o\els 
nesting normal and aniomic subjects 


Dilution of luemoglobin after bleeding is slow m man (6, 18) and changes 
after hieniorrliage give some indication of the time periods needed for these 
adjustments Rapid venesection of about 1 btre causes a fall in right 
auricular pressure and caidiac output (ll)j and we have never observed 
increased cardiac output wwiediately after controlled bleedings It appears 
tlierefore tliat an interval is required for the development of increased 
cardiac output and pulse pressure aftei hsemorrhage, and this phase may he 
preceded by a pliase of low blood pressure and low cardiac output Yet 
blood volume levels in the phase of increased cardiac output are such that, 
if reached by rapid bleedmg, they vould result m a profound fall in blood 
pressure and cardiac output and might even endanger hfe As already 
fnd.catod. adjustments producing the phase »f 

may include increased heart rate and the raismg of R A P to normal Cases 
1 2 and 4 suggest that leduction of hmmoglobui concentration may not he 
io o“y stimlL. and the interval reqnned forthe 

cardiac output does not iavour nervous meoharasms as the sole method 
adjustment 

Summary 

1 Restmg minute oxygen consumption was not reduced m chrome 
1 rtesDing ixiixiu o sunulv was maintained by [a) 

and post-hmmorrhagic ancemia Oxygen ppy 
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increased cardiac output which at the lowest hemoglobin levels approxiinated 
the nmumum necessary output, (6) mcreased lemoval of oxygen in the 
penpheiy (up to 90% of available oxygen), and (c) reduced blood volume, 
resultmg m greater concentration of total hemo^obm 

2 Venous pressure is mcreased m the most severe cases Thus 
congestive heart failure m ansemia was associated with mcreased cardiac 
output and decreased blood volume Passive venous congestion will not 
evplam these findmgs and conspicuons mcrease of venous pressure may 
represent the last stage of a process of adjustment, which mamtams the 
necessary mmute output 

3 The phase of mcreased cardiac output and pulse pressure after 
hsemorrhage did not develop immediately and was preceded m three cases 
by a phase of low blood pressure and probably reduced cardiac output 


APPEaiDIX. 


AlAnnaifm^ C O «= cardiae output, B V blood volume, P s pulse rate, VJP venous 
pressure gtemal engle aa zero, C T » exm to-tongue CDxmlatiaii tune (eodnmi debydro 
cholate) Electrocardiogram OB C O ) T wave voltage m miOivalts. Heart ane T CJ> 
transverse chest diameter C T I = cardie thoracic mdex, CJU •= miYliiin area. 

Cate 1 Hannatemesis 3 days before admission. Ko famt 1st day BJP 135/85, blood 

iirra 30 mg /lOO c o 3rd day C O and B V measured, CTO secs. 

Case 2 Haematcmesis 10 hours before admission. Famtcd. 1st day , BJP 105/85, P 100, 
Hb 70% blood urea 87 mg; 100 >'.« 3ndda> BP 120/80 Stdday further baematemesis 
BP 100/60 P 102 5th day BP 110/70 «th day B.P 120/30 Sth day CO 
and B t measured 

Oa*e 3 Hraiatemesis 12 honta before adnussian Fainted lat day BJP 90/76, P 116, 

Hb 58°(Kbloo<liirea98ing/100cx.,pla3mapratem62g/100cx 2ndday BJP 110/66 
4th ds> B P 130/40 Hb SS^i,, plasma proteins 5 2 g /lOO 04;.. Sth day CO and BV 
measured blood urea 33 mg /lOO cjc., plasma protein 5 2g/100c e~ Treated BJ* 125/76 

Cate 4 Hsmatemesis 6 hours before admission Famted. lat dav B.P 60/30, P 80, 

5 hours later BJ 85/CQ P SO blood urea 113 mg /lOO plasma cUondes (as sodium 
rhionde) 429 mg /lOO c c., plaania proteins 4 6 g /lOO C4? 2nd dav BJP 100/60 to 110/70, 

P 84 to 96 3rd da} CO rouwared, blood urea 84 mg 100 c c., plasma chlorides 435 
me lOOcc ,plasinamotem5 Ig/lOOcc 6tbday B J llB/fiO Wturfimw .37 mg /inn r „ , 
Hb ■>0®o plasma cUondes 625 mg /lOO cx:, 9tb day blood mea 45 mg /lOO c.e.. 13tb day 
C O measured Saline solnbon was given by mouth. No timsfosion was given. 

Cat- 5 Onset of hsmtoirbage uncertain. Blood urea 216 mg/lOO cc, plasma eblondes 
551 me 100 cj Died 3 davs later m status epOeptiens (known epileptic) jSb post 
i&ortetn 


Con 6 Makena 1 week 


Cose 7 BBC 2,100,000 Hb 21 6% Post mortem — Heart wnglit 240 g_ Sli^ 
athoioma of coronary arteries Corefol mspeetion of the great veins m which Urn catheter 

had lam showed no antemortem thrambasm this and other cases which came to post mortem. 

Case 8 BP 210/110, 5 years before LeB ventricle slightly mlaryd, 

Cost 9 Hwtorj of progressive weaknros over 4 months. Slow bleeding liom duodenal nicer 
Cost 10 CT 10eec..ECG QJRB low voltage, T> -4-1, T« J-l T“* 0 
Heart size TCD 24 2cm.,CTi 59. C.A 125 cm* ' 

Treated BJP 146/90, P 70 80, E C G T» 4 T“ -6, T»“ 2 
Heart snse C T I -47, C.A. W on* 


Cate II CT 11 sec., ECG normal 

Cate 12 6 i^ths progressive weaknesa. 6 weeks lecoRent severe epistoxis;. Gross 

2” C.A. 164 cm* Hb rose Bum 

to 20% unmediately after first concentrated corpuscle tmnsfnsian. 4 days later Hb 
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Ysoiso ^ ^ and B V lower 13 daya later Hb 40%, V P normal B P 

Case l’i Goneraliaed osdema BBC 2,300,000 per c mm Colour indent 44 Blood uron 
25 mg /lOO c r TJrea clearaocd 69% of nonnal Cloncentrated corpusclo transfuston 
resulted in clinical impro\ ement, bat sudden death occurred 10 hours later Post mortem — 
Oedema of lungs Heart weight 380 g Coronary arteries, pencaidium and heart \ alvcs 
normal Other macroscopic and microscopic findmgs were compatible with seiero iron 
dcficioncv ansemia 


Caic 14 Hnjmaturia BBC 1,800,000 Hb 28% Generalised oedema ECG slight ST 
depression in lend H and III , otherwise normal Post mortem oedema of hmgs Heart 
weight 400 g Slight atheroma of coronary arteries, pencardium and heart lahcs normal 


Ca«c 15 A case of acute hicmolytic aiucmia of unknown mtiology History of only 7 dajs 
illness RBC 800,000, Hb 2S%, reticulocytes 30%, IVBC 11,000, plasma bilirubin 
2 7 mg /lOO c c , blood urea 83 mg /lOO o c Slight oedema of ankles ECG ST II and 
HI depressed, T wa\os absent 1 day after C 0 and B V measurement, Hb had risen to 
48% and V P lind fallen to -1-4 cm 2 days later ECG showed 1, T*’- 1, T“* 0 

The condition was unaffected by splenectomy and further transfusions failed to maintain 
Hli concentration VP rememed elevated Post mortem —oedema of lungs Heart 
weight 320 g Coronary arteries, pencatdinm and heart vaKes normal 

Caic 16 Histoiy of angina pectoris and mtonmttont claudication Oedema of back and 
ankles CT lOsoc ECG loft bimdle branch block Treated no angina or mtermiltent 
cloiidicntion 


ftnc 17 Oedema of loos GTlOscc ECG S T I and H depressed, T» 1, T” 1, T»»0 
Heart size TOD^ 245 cm CTI 68, G A. 177 cm* Treated BP 160/ iB CT 
14 SCO Heart size CTI 65, C A J32 cm* 


low yoltago T waves absent Heart size 
Treated ECG T‘ 3, T» -f 3, T‘» 0 


Caic 18 Gonoralipcd oedema ECG QBS 
T C D 20 0 cm , C T I 60, C A 164 cm® 

Heart size CTI 44, CA 114 cm- 

Co«l» acn.mtoa »don.a 0 ™ 

ECG T* -1* ** T" -4- 1, T*** “ 1 Heart size CTI w, t, A lui cm 
post mortem 


( 1 ) 

( 2 ) 

(3) 
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(C) 

(7) 

(8) 
(9) 
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( 11 ) 

( 12 ) 

(13) 
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(17) 
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THE PREVElfTIOH OE EXPERIMENTAL MASSIVE HEPATIC 
NECROSIS BY METHIONINE 


By H P HBISWORTH and L E GLYNN 
{ Froin the Medical Unit, and the Department of Morbid Anatomy, Vniieraiiy 
College Hospital Medical School, London ) 


Iv a previous paper we have shown that massive hepatic necrosis produced 
by dietary means is a deficiency disease caused by the lack of a component of 
protem (5) In this paper it will be shown that a component of protein, 
nicthiomne, prevents the development of the lesion 

Our attention was directed to this anuno-acid by previons findmgs Pirst, 
we had found that m rats massive hepatic necrosis is readily produced by 
diets in which the protem is snpphed entirely by yeast bnt only with more 
difficulty when it is supplied by casern (5) Casern is nch m methiomne 
(1, 2, 6) , least protein is relativelj poor m sulphur compounds (8) Second, 
Weichbolbaura (10) had reported that rats given a diet poor m cystme 
developed ‘ haemorrhages ” m the liver and that these were prevented 
uhen either the cystine deficiency was remedied or methiomne was added 
to the diet Third, it has been stated that methiomne is one of the 
substances which will prevent “ cirrhosis of the hver ” developmg in rats 
on a deficient diet (3, 4) Experiments were, therefore, planned first, to 
determine the amount of casern which, when mcluded m the most deficient 
diet, u ould prevent massive necrosis, and second, to test if supplements of 
methiomne m the quantities contamed m that amoimt of casern would also 
protect It also seemed advisable to mvestigate whether substances like 
choline or cjstme, which are said to mfluence the development of dietary 
liep-itic " cirrhosis,” also mfiuence the development of dietan massive 
necrosis 


Methods 

The kmd of rats used, the feeding and housmg of the animals* and the 
histological and chemical methods employed have been detailed before 
All diets contained 3% of salt mixture and the same Yitarmn supplements as 
were given m previous experiments and, as before, 8 g of food were allowed 
daili to each ammal (3) 


• \\ e on. indebted to Hr Charlotte Uimsworth for the care of the aiumaU 
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Two basic diets were used Each contained 8% of yeast protein , but 
one consisted largely of carbohydrate, the “ carbohydrate diet,” and the 
other contained a high proportion of fat, the “ fat diet ” The composition 
of the carbohydrate diet was as follows — dried baker’s yeast 18%, com 
starch 73%, arachis oil 5%, cod hver oil 1%, salt nuxture 3% The compo- 
sition of the fat diet was the same save that 50% of lard was substituted for 
46% of com starch and the 6% of arachis oil 

The substances to be tested were either mcluded m, or added to, these 
diets Casern was mcluded m the diet, m the proportion of 8%, by 
substitution for an eqmvalent weight of com starch The ammo-acids or 
chohne were added to the diet Dl methionme and I cystme uere used 
Casern can be regarded as contammg, on the average, 3 2% of methionme 
and 0 35% of cystme (1, 2, 6) Daily supplements to each rat of 20 5 mg 
of methionme or 2 24 mg of cystme are eqmvalent to the amounts of these 
substances taken daily by a rat consummg 8 g of a diet contammg 8% 
casern The supplement of chohne was 4 mg per rat per diem 

The followmg seven diets were constmcted from each basic diet , basic 
diet alone, basic ^et plus chohne, basic diet mcludmg 8% casern, basic diet 
plus methionme, basic diet plus methionme plus cystme, basic diet plus 
cystme, and basic diet plus cystme plus chohne 

The experiment lasted for 100 days At the end of that time all the 
survivmg animals were killed 


Results 

These are shown m the table and can be summarised as follows — 
complete protection against the development of massive hepatic necrosis on 
either basic diet is given by mcludmg 8% of casern m that diet or by addmg 
dl methionme m the amoimts contamed m that quantity of casern Cvstme, 
m the amounts contamed m an 8% casern diet, has no mfluence on the 
development of the lesion, and methionme and cystme together protect as 
effectiiely as methionme alone Chohne, m supplements of 4 mg per rat 
per diem, giies no protection, and the effects of chohne and cystme in 
combination do not differ from those of either alone It thus appears that 
the protection afforded by casern can be adequatelv explamed by the action 
of the methionme it contains 

It has previously been shown that it is the amount, and not the 
projJortion of protein eaten daily which determmes u hether massive necrosis 
will develop (5) It is therefore necessary to know the amount of food eaten 
on the different diets The food allowance was 8 g per rat per diem All 
this allowance was eaten bj all groups of animals on the carbohydrate diets 
Animals on the fat diets ate on the average 6 g per rat per diem and this did 
not vary sigmficantly between the different groups of animals The factor 
of differing food consumption does not, therefore, enter mto our results 
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The only difference between the result nn i 

lesions in animals taking the fat dipfn tlio 

fee „ ammeb feeg®the oatLwLrrJ^'j'''’'” — ‘l'«" 
shoeing necrosis on the carbohydrate diet eltad^i* ““fe 

hver . of 20 animals with nJo^ J^L i * f T'®”®'™ « ‘I'o 

lesions, and of these 5 were receivine snnnlA ^ i * ^ extensile 

Those results are m accord with our froS^*^* ”** meluded ohohno 
the hver fat m these amml s “f 

tovority of massive hepatmneeS fmZaZT"? ‘''>“■7"“™ fe the 

of the hver produced by dietary reans iZeZt of '7'i 

the seventy of tlie heiiatio lesiZ on the^L diet tf a° dZ° “ mtreasing 


Discussion 

If it Mere certain tliat tlie hepatic lesions noted by Weiehselbaum ao) 
in rats on a cystme deficient diet ivere the same as those ^^e have produced 
tJien our present results could be regaided as confirmatory of his The only 
mention he makes of this lesion, however, is the bald statement tliat 
haunorrhages were found in tlie liver , and necrosis, not hreinorrhage, is the 
chaiactenstio in our animals Nevertheless there are tv'o points "which make 
it possible that ne ncie both dealmg mth the same lesion The diet he 
used Mas on the bordeiluie of protem deficiency (9) and, if his amiuals’ 
appetites w ere poor, massive necrosis imght well result , there is a superficial 
resemblance betn een areas of massive necrosis, at one stage of their develop- 
ment, and subcapsular hremorihages Agamst this possibihty is the fact 
that Weicliselbaum found that cystme protected agamst his lesion ivJnlst 
\\ e found that it did not piotect against ours , bnt m this connection it sliould 
be noted that he used much larger amounts of cystine than we did 

Assessment of the results of later workers is rendered difficult by the 
fact that they have not distingmshed massive hepatic necrosis and its sequel 
nodular hyperplasia from true portal cmhosis, but have grouped both 
lesions togetlier ns cirrhosis of the hver Thus Gyorgi and Goldblatt ( 4 ), 
regard hepatic necrosis simply ns a stage m the sequence to portal cirrliosis 
They find that cystme incieases, ivhilst chohne leduces, the seventy of 
dietetic curhosis of the livei , that oystine and chohne together, and also 
methionine lu large doses, give consideiable protection , but that methionine, 
111 the doses ire used, has no effect Daft and his colleagues ( 3 ), claim tliat 
chohne retards the development of "cirrhosis,” but not necrosis, that 
oystme m laige amounts aggravates " cirrhosis ” but prevents necrosis , 
and that large doses of methionine protect agamst both lesions They used 
a 4% casein diet and claim to have produced both necrosis and ' cirrhosis 
Their description of the latter lesion ( 7 ), and our experience with a sirauar 
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diet (5), however, suggest strongly that the fibrotic lesion they produced 
was post-necrotic scarring and not a true portal cirrhosis K this be so 
then the two conditions they distinguish are, in fact, simply different stages 
of the same process , a process, which our present results show, can be 
prevented bj methionme 


StraniAEV 

1 iVIassive hepatic necrosis m rats due to a protem deficient diet is 
prevented by mcludmg 8% of casern m the diet or by addmg dl methionme 
m the amounts contamed m that quantity of casern, to the diet 

2 The lesion is not prevented by Z cystme, m amounts contamed m 
an 8% casern diet, by a daily supplement to each ammal of 4 mg of chohne, 
nor by a combmation of chohne and cystme m these amounts The 
protective action of methionme is not antagonised by cystme when both 
are given m the quantities present m an 8% casern diet 

3 The protection agamst the development of massive hepatic necrosis 
afforded by casern can be accounted for by the action of the methionme it 
contams 
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Xote — Since this paper was \mttcn Profe^or A C Chibnall, of the School of Biocliomiatn, 
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protein. u«ed m our expenmenu M e are indebted to liim for permi.'sion to report that 
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OBSERVATIONS ON A CASE OF ORBITAL VARIX* 


By F F RONDLE 

{From the Westminster Hospital School of Medicine ) 


The cluucal syndrome produced by orbital vans is characteristic and 
includes the dramatic phenomenon, transient severe proptosis Inflation 
of a pneumatic cuflT placed round the neck causes the vans to All and affords 
a umque opportumty of studymg the mechamcal effects of retro-bulbar 
sireUmg upon vanous ocular and palpebral physical signs The findings 
may be compared with those in orbital tumour. Graves' disease, arterio- 
venous fistula of the cavernous smus and those produced experimentally 
by mjecting wax into the retro-bulbar space post mortem (5) 

The patient, a man aged 45, complains of protrusion of the nght eye 
on stoopmg He first noticed this 3-4 years ago when bending down to 
read thermometers at his work There is occasional, shght aching pam 
m the eye 

The position of the right eye vanes with posture being shghtly sunken 
(compared with the left) when standing or sitting npnght, more prominent 
when lying flat and conspicuously proptosed when bending over to touch 
his toes The Hertel exophthalmometer readings in these positions are 
12 mm , 16 mm , and approximately 25 mm respectively , the reading 
for the left eye (14 25 mm ) does not vary sigi^cantly with posture 
Compression of the cervical veins with a pneumatic cuff causes proptosis 
to a maximum of about 18 mm (Fig 1) Concomitantly the eyeball moves 
about 2 mm laterally but not upwards or downwards With release of 
compression the eye rapidly recedes In 10 control subjects, constnctmg 
the cervical veins with a cuff at 40 mm of mercury caused a mean ocular 
protrusion of 1 3 mm (range 0 5 — 3 0 mm ) 

The acuity and field of vision, fundus, pupil and pupiUary reactions 
of the nght eye are normal, but maximal protrusion mamtamed for 5 to 8 
seconds causes blindness , vision returns and improves as recession occurs 
and IS normal some 10 seconds afterwards VTien fully protruded, the 
globe shows distinct pulsation, synchronous with the carotid pulse and of 
amphtude about 0 5 mm It is presumably transmitted &om the 
ophthalmic or mtemal carotid artery 


* ork Bssibtcd b\ a grant from the Medical Pesearch Council I am grateful to Mrs H. E 
Dunsdale for referring this patient to me and to the late Sir Thomas Lems and Dr C \V 
M lUon for help mth measurements 
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It 18 generally agreed that the presence of a vans in the orhit can he 
inferred from the foregoing signs , this has, in fact, been demonstrated at 
operation (1, 2) When, in the present case, the cuff is mflated to a pressure 
of 40 mm of mercury the volume of the venous swelhng becomes maximal, 
the increase measurmg some 17 6 c c It fills steadily at a rate of 
approximately 1 d c c per second but the rate of emptymg is less uniform 
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Fig 2 Measoiement of volume of vanx and rates of filling and emptving To make the 
record a special stent cnp was bnfit np and fitted over the eve, and connected to a float 
recorder 



Fig 3 Changes in level of hd margins as the eve protrudes Measurements are made m the 
standard central portion m which eve looks directlv forwards Reids base hne b^mg 
horizontal Observed changes relative to the cornea represent true changes in level smee 
the horizontal plane of the globe remains constant throunhout 
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Protrusion of tJie globe and lids as the tumour fills With the vam 
empty, the globe and lids, especially the upper, are sunken , a deep crevasse 
passes up, under the supra-orbital margm As it fills and exophthalmos 
develops, the hds first appear normal then progressively more bulged, 
until, when exophthalmos is maximal, both hds are conspicuously bulged 
This correlation between protrusion of the globe and hds is usual in 
conditions characterized by over-fillmg of the orbit The eyeball occupies 
only some four-tenths of the outlet , the orbital tissues round it protrude 
and so displace the hds forward (6) The lacnmal caruncle is also pushed 
forward , it broadens and in part protrudes through the palpebral fissure 
The conjunctiva becomes congested but does not prolapse 


Changes in levd of the ltd margins as the eye protrudes are shown in 
Pig 3 Ptosis of the upper hd and retraction of the lower also occur when 
wax IS injected into the retro-bulbar space post mortem Marked ptosis 
IS usual in arteno-venous fistula Sbght ptosis is common m orbital tumour 
but active contraction or spasm of the levator palpebrse may modify the 
changes dependent on purely mechamcal factors m both tumour and 


Graves’ disease i a j 

Exposure of a band of sclera between the margm of the lower hd and 

hmbuB occurs in exophthalmos and is often held to be a valuable diagnos lo 
sign But up to 2 mm may be so exposed m normal subjects and in tue 
pr^ent case this width is not exceeded until over 14 mm of 
Lvelops Indeed at first the scleral band narrows Pitog out of the 
ratherLnken Ion er hd is associated with a distmot ascent of its feee margm 
^"tr4e , presumably this effect temporarily surpasses that of 


With the eye sunken, L the^ up-turned 

due to failure of the upper hd to ; ex^Ld between 

eye follows the observer’s finger down, a band ^ These signs 

the hd margin and hmbus towards formally deep 

may result from the upper Ud havn^ o disappear with the 

supra-bulbar crevasse At all events bo p e ^ available 

crevasse obhterated and the eye j jje contrasted with 

to cover the eyeball Such J palpebr* In 

that in Graves’ disease produced ®P®® ^ par hd as occurs 

the present case there is no crease m the skm ot PP 

when levator spasm is present ( ) ^ 

BdaUtmhvp between the range 

,novementeoftheer.tern«nMfoaetotJ^^__^ 

orbital overfilhng. 
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In Graves’ disease, exophthalmos and ophthalmoplegia generally 
develop concomitantly and it has been claimed that the latter is a simple 
mechamcal consequence of the former But the ophthalmoplegia shows 
important differences from that in the present case in respect of both its 
pattern and the degree of exophthalmos with which it is associated 



Exophthalmometer Reeding (mm) 

Fig 4 Bange of dnctioa movemeats from the stendord central position as the eye protmdes 

Thus m a group of patients with Graves’ disease and well developed 
ophthalmoplegia, the average proptosis present was only 5 mm , m the 
present case no reduction m the range of eye movements was found until 
the eje had proptosed by 10 mm Agam in Graves’ disease elevation is 
the duction most frequently and severely restnoted , m the present case 
elevation was not reduced earher or more severely than the other movements 
Orbital over-filhng and the consequent proptosis may, when excessive. 
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contnbute to the ophthalmoplegia of Graves’ disease, but they are not the 
chief factors It is more probable that the ophthalmoplegia depends on 
actual muscle damage, and a conspicuous increase m muscle fat has previously 
been reported (4) 

The average proptosis in a group of 19 orbital new-growths was 9 mm 
with values up to 14 mm (6) A state resembhng terimnal mechamcal 
ophthalmoplegia occurs in large tumours But m most tumours, there is 
no generalized loss of movement , paralysis appears to depend on (and so 
gives a clue to) the precise location of the tumour 

SUMMABY 

A ease of orbital vanx is described and used to examme the mechamcal 
effect of retro-bulbar swelling upon various ocular and palpebral physical 

signs 
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FAJnLIAL IDIOPATHIC jrETHffiMOGLOBIH-$]MIA AND ITS 
TREATMENT WITH ASCORBIC ACID 


By H BARCROFT, Q H GIBSON, D 0 HARRISON and 
J McMDRRAT* 

{From the Departments of Physiology, Biochemistry and Pathology, Queen’s 

Umtersity, Belfast ) 


Deext (5) recently reported on the treatment of two cases of polycythiemia 
vera with ascorbic acid In a search for cyanosed snbjects for further work, 
he came across two brothers, mtensely cyanosed, who proved to be snfEermg 
from famihal idiopathic methsemoglobmffimia Ascorbic acid was given 
to one brother, and m a short time his colour became normal We were 
then invited to mvestigate the second brother dnxmg treatment Deeny, 
Murdock and Rogan (7) have descnbed the cases and recorded our findings 
m bnef This farther account is given because of the great ranty of the 
disease, these being the first cases of famihal methsemoglobinsenua to be 
descnbed in the Bntish Isles , and because we wish to record work on the 
jjctiology of the disease and on the mode of action of ascorbic acid 

One brother. Case I (now aged 29 years), was blue from birth and the 
other, Case 11 (now aged 19 years), from an early age Physical exanunation 
showed no cause for the cyanosis, and both enjoyed normal health apart 
from shght breathlessness, which did not prevent the younger from playing 
hockey for his local team 


Methods 

Sf in colour was recorded at intervals durmg treatment by Mr Sidney 
Smith, who pamted stnps of canvas to match selected spots on the patient’s 
skin Comparison of these stnps with Lewis’s (19) standard colours was not 
satisfactory because the tmt due to methsemoglobm is not the same as that 
produced by reduced haemoglobin 


* \\ c w I'ah to thank. Drs Dccn\ Murdock and Rogan for mviting our coUaboration, Dr 
^turdock for the figures of blood ascorbic acid and Mr Sidney Smith for painting the can\a3C3 
\\ e ore aUo grateful to Prof VT J W iUon for carmng out the bacteriological examinations 
nml to Dr O G Edhohn Dr Madge T Macklm and Dr Robert Marshall for valuable obdistonce 
and <uiggcstionii 
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Blood ascorbic acid was deterimned on whole blood by the method of 
Deeny, Murdock and Rogan (6) 

Meihcemoglobm was determined by three methods 


a By difference between Oj capacity and total pigments 

b With a spectrocomparator 

c By the method of Evelyn and Malloy (10) 

Methods b and c were of service when the quantity of methsemoglobin in 
the blood became so small that determination by difference gave uncertam 
results 


a Determination by difference O 2 capacity was found by dnphoate 
analyses with the Van Slyke volumetric apparatus used accordmg to the 
technique of Lundsgaard and Miller (23) Total pigment was at first 
deterimned by the method of Binungton (26), in which all pigments are 
estimated as pyridine hajmochromogen In our hands, the hsemin standards 
recommended by Bimington gave rise to some difhculty The colour 
produced by a given amount of haemin iron was less than that developed 
by an eqmvalent amount of haemoglobm iron, while the tmt of the taa 
solution vaned with the age of the hmmin solution The mtensity of ^lom 
of the ptnndine luemochromogen solutions was determined with a Mger 
Spekker ateorptiomotor usmg a green fflto trammittmg 
about MO mg In our work 0 03 o o oxalated Tonoua 'T ^ 
into 8 c c NIIO NaOH, mixed and aUowed to stand for a short time (In 

a few coses paraUel dotormmotions using 

alkab did iot affect ttie results) 2 c 0 colour^ 

then added and finaUy a few mg of a good s^eimeu of wdi^ 

dissolvod m the mixturo by gentle ..u,y^ap^ent 

hmmoebromogon was moasoredin the 

ooneoutration road off Z^l ^XeM et mtorek 

rig";Xs:& ^^ne — 

S inrr WS b-oS S^tods. an dsfermmatious wore made in 

6 The speotrooomparator was “'^®^“^^\^*’X^ei*-b™side the 
(D C H ), and consisted in an arrangemen | a solution 

spectra produced by bght 7°^ normal pigment only had been 

of the blood being f tyhgU which bad Passed through 

two epiotra appeared iden^eal. always keep. 



FAMILIAL METE^MOQLOBINMMIA 


147 


the total depth of the two solutions equal to the depth of the unknown 
solution The results by this method were m good agreement with the values 
given by the difference method 

c The method of Evelyn and Malloy (10) was modified to smt the 
Spekker absorptiometer by increasmg the amount of blood used to 0 3 c o , 
lakmg by adding 10 c c water, then adding 2 c c M/6 phosphate buffer, 
(pH 6 9), and centnfuging to clear the solution 

Methods -used in tnieshgaiing methcmoglobin reduction by enzymes of 
the erythrocytes Venous blood from the patients and from normal subjects 
was defibnnated by strmng with Pt wire The corpuscles were washed 
three tunes with a solution containing Mjl NaCl and MjSS phosphate 
buffer pH 7 4 About 60% of the total pigment was converted into 
methsemoglobin by treatmg the washed corpuscles for 10 mm at room 
temperature with times their volume of 0 06% amyl mtnte m phosphate 
sahne The corpuscles were washed thnee to remove excess mtnte and 
finally restored to blood volume with phosphate sahne 2 c c portions 
of the suspension were transferred to the mam chamber of Barcroft 
manometnc flasks The gas-space was filled with 20% CO, 80% Ng mixture 
The course of the reduction of metbsmoglobm to hemoglobm could then 
be followed by the uptake of CO consequent on the combmation of Hb 
with the gas The manometers were shaken m a water-bath at 37®C 
Any traces of COj were absorbed with KOH papers, and a correction apphed 
to allow for the absorption of a small amount of CO by the KOH (Warburg 
et al (33)} Substrates were added from Keilm tubes 

Sesulis 

Tests for -methcmoglobin Case IPs oxalated blood had the chocolate 
tmt of methsemoglobm Samples diluted with water, and exammed with 
the Hartndge reversion spectroscope, showed a strong absorption band m 
the red centred at 632-634 mji This corresponds closely with the figure 
for methsemoglobm (630 mp), and not with that for sulphsmoglobm (618 mp) 
The pigment was entirely mtracorpuscular, thus excludmg methsmalbumm, 
which IS always extracorpuscular and has a band at 623-624 mp (Fairley 
(12)) On addmg a trace of ITajSjO^, or a few drops of (NH^)jS, Nj^OH or 
NaCN, the band m the red disappeared completely, confirmmg the presence 
of methsemoglobm and showmg the absence of sulpbsemoglobm 

Treatment with ascorbic acid The blood changes produced m Case II 
by treatment with 100 mg ascorbic acid twice daily for 16 days and 
subsequently with double the amount are summarised m Fig 1, the shaded 
area showmg the amount of methsemoglobm The skm colour recorded 
twice before and mne times dnimg treatment showed a gradual disappearance 
of the cyanosis and its replacement by the normal reddish tmt The final 
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canvas lioTrever still differed slightly from a canvas pamted from a normal 
person 

The imne dunng the early stages of treatment showed only a famtly 
positive Schlesinger test for urobihn and urobihnogen and was free from 
bile pigment No sugar, albumin or indican were observed An unusual 
finding was the presence in every one of a large number of samples of urine 
tested of a chromogen which gave a deep rose-pink colour m Jaffe’s indican 
test The colour developed only on the addition of the oxidising agent, 



“io 20 so 
after treatmemt 


Fig 1 


DAYS 


Ca(Oa)., NaNO„ HA or FoCI, a* «»<>“» 

e^traotid by amyl al^hol. removed by eteam 

and 487 m^ The jearon and Thompson (13)) 

distjUation or evaporation of the enbstance pve 

It was probably not mdole aeetio aci4 J a e» ^P ^ 

an absorption bond ^^piOTertios maie it probabte that the 
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A canons feature of the unnes of both Case I and Case II tras the 
finding of streptococcus vmdans (m large amounts) m every sample examined 
The streptococcus was still present a year after the beginning of treatment 

Other findings m Case H during treatment Trere — ^Blood BBC 6,800,000 on 3rd day of 
treatment fallmg to 4 400 000 on 57th day Reticulocvtes 61% on 3rd dav leas than i% on 
31st day Mean corpuscular volume 78-07ft* Pnce-Jonea curve before treatment 5/t (5%) , 
6(44%), 6|{28%), 7(15%) 7^(3%) Fragflity bssmolysis began m 0 4% MaCl 113 0 

6 000 9 000 Differential count, nori^ Leiahman film shorred equal basophil stamnig 
1 an den Bergh test normal dnect and mdirect (0 5 umts) on 3rd and 9th days of treatment 
Blood culture sterile Allah reserve. Van SlvLe and Cullen (30) before treatment 61 c.c CO, 
at 41 mm. tension unchanged after 67 da-vs* treatment Blood Met Hb, after 13 months 
treatment, 1 25g per 100 c c , (compere Cai>e I, 1 3g after 10 months’ treatment) 

Action of ascorbic acid on methcemoghbiniBmic blood in vitro It seemed 
desirable to see if ascorbic acid had any action m vitro on the blood of Case 11 
to determine if reduction of methaemoglobm to hsmoglobin occurred, or if 
the methsemoglobm was removed by being destroyed, and if the intact red 
cell was necessary for the removal of methsmoglobm 

Preliminary quahtative experiments with large amounts of ascorbic 
acid showed that while a decrease in methsemoglobm did occur, the reaction 
took place slowly and, m our experiments, was mcomplete after several 
hours’ aerobic mcubation In one experiment, oxygen capacities were 
measured before and after mcubation with ascorbic acid , the results, 
shown m Table I, mdicate that methsemoglobm was being reduced to 

TABLE I 

Converston of Mti Bb to Bb by aseorbie acid «n vitro 


Hb (g/lOOcc) 
bj 0_ capacity 


Increase m 
Eb (g /lOO c c ) 


Addition 

< 

Imtial 

Final 


XaCl 

12 8 

13 0 

02 

Ascorbic acid 

12 8 

15 7 

29 


TVo 250 CM conical flasks each contomed See ozalated blood (total pigments 17 7 
g /lOO c c ) taken from Case n shortly alter the beginnmg of treatment 0 4 c c Af/lfi ascorbic 
acid, (brought to pH 7 2) was added to one flask end 0 4 c,c Jf/5 XaCl to the other, and the 
solutions meubated at 38° C for 2 hours with occasional shaking Xmtial and final O] capacities 
deterramed by the \ an Slyko \olumetnc method 

htemoglobm rather than bemg destroyed The results of a second senes 
of expenments. Table II, show that the redaction occurs after hsemolysis, 
and so does not depend on the presence of the mtact red cell, and that, 
under our conditions, it is greater in the absence of oxygen, probably because 
autoxidation of ascorbic acid is prevented These resiilts also demonstrate 
that ascorbic acid can penetrate the red cell, though the acceleration of 
reduction produced by hsemolysis suggests that the penetration is relatively 
slow 
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TABLE n 

Conicrston of Met Bb to Hb by ascorbic acid mo, fro v 


Tube No 


Additions 


rom pretence of intact and hamolysed red eelU 
% reduction of 

MHb(g/100cc) MHb by ascorbio 

acid 


1 tag ascorbic acid 

16 tng saponin 

15 mg saponui plus 1 mg 
ascorbic acid 


1 rag ascorbic acid (onsrobic) 


Each tubp contained 1 c c osalatcd blood from Case II with 6 1 g /lOO o o Met Hb in 17 7 
g flQQ c c total pigments Ascorbic acid, 1 mg in 0 07 c o (neutrabsed) Saponin, 16 mg 
in 0 1 c c Tho final \ olume was made up to 1 2 c c with 0 9% NaOl Tubes 3a and 3b were 
o^ acuated and all wore then incubated at 37®0 for 2 hours xnth frequent shakmg The Met-]^ 
in aliquots of tho final solutions was then detenmned by means of the spectrocomporator 


TABLE m 

liedudion of mefhmmoghbm by trashed red celts from coses of idiopathic methcemoyhbinmmia 

and from normal subjects 


fimol MHb reduced X 100 


;imol pigment iron X hours 
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Examination of the enzyme meckantemfor the reduction of methcemoglobin 
within the corpusdes It has been shoTm by Warburg et al (32), that 
metheemoglobin is reduced lu vitro by erythrocytes m the presence of ^ucose, 
■while Cox and Wendel (4), have concluded that an enzyme process of this 
nature is probably responsible for the reduction m vivo of methsmo^obm 
formed by drugs We therefore tested the abihiy of the enzyme systems 
m the patients’ RBC to reduce metheemoglobm formed by amyl mtnte 

TABLE IV 


Seducitcn of methcBTnogiobtn in the preeenee of Af/20,000 neihtfUne blue by cells from cases of 
tdxopathic fnethoemoglobineemia and by cells from normal subjects 


1 

j /imol MHb reduced X 100 

/imol pigment iron X hr 


i 

i 



Increase due to 
substrate 

Subject 1 

i 

CelU . 

CeBs 

-rglucose 1 
J//100 

CeUs 

-fdactate 

ilf/so 

CeUs 

-{-glucose 

Jir/100 

CeUs 

-f-lactate 

AI/50 

Case 1 

1 


68 0 

18 

66 7 

03 

Casa H 1 

23 

62 6 

23 

60-2 j 

00 

Xormals ! 

1 



1 

1 

1 

1 

H3 

1 

29 

440 

1 

99 

41 1 j 

70 

Ci 1 

26 

63 0 

— 

50 4 1 

— 

Qjao ' 

38 

— 

10 3 

— 

65 

H^L 

22 

— 

96 

1 

74 

GJDBC 

4-6 

43 0 

15 4 

38 4 

10 8 

As Cases I and II | 

1 8 

65 5 

20 

63 7 

02 

Av XoTmals | 

32 

46 6 

113 

43 4 

81 


The results, given m Table HI, along with figures obtamed ■with cells from 
normal bloods ■under comparable conditions, show that while the normal 
ceUs respond to the addition of glucose or lactate ■with a considerable 
increase in the rate of reduction of the pigment, the rate of reduction by the 
pathological cells is almost ■unaltered The figures m the table correspond 
to the percentage of the total pigment which would be reduced in one ho^ur 
For the patients, they are averages of closely agreeing duphcate determina' 
tions as are most of those for the normal controls Imtially, about 50% of 
the total pigment was present as methsmoglobm In all cases the duration 
of the experiments was so arranged that considerable amo^unts of 
methaimoglobm remamed unchanged at the end The results could be 
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^Ub was deflSont, or dafthe modado^CteSd m tteiT*''”’"? 
pothoIo8.o«I®ooUs at WstTst^t 

the second assumption, namely a difference m tho fxm against 

StJ" t‘'r ”'‘'T?T “ a oamar >n to LS^ tag 

reduced to leuco-methylene blue in the presence of glucose and an enzyi^f 

Sol^ YTaT^?.r -^Wglotn 

It has been found, further, that nr normal cells, methylene blue catalyses 
reduction by lactate, while this catalysis does not occur with the pathological 
cells As the results with glucose as substrate showed that leuco-methylene 
blue reduced the methaimoglobin present in the pathological cells, tins 
result must bo ascribed to a deficiency in the enzyme system normally 
responsible for reducing methylene blue ui the presence of lactate Theao 
findings are illustrated in Table IV The precise interpretation of the 
results, however, must await more detailed information about the processcB 
occurring in normol erythrocytes during the reduction of methsemoglohm 

Dtscwsion 

Some points of interest concerning the present Cases I and EL and other 
pubhshed cases are set out in Table V The disease has now been estabhshed 
in three famibes, in two isolated cases whose histones strongly suggest 
that it was famihal and in a farther four isolated cases Two of the isolated 
non-famihal cases, namely Miiler's (24) and Lemer and Mimbeck’s (18), 
have been included as idiopathic though they were desenbed as enterogenous 
In both, the colour was congemtal, and this is often a feature of the 
idiopathic form It is noteworthy that the cases of Bensley et al (1) were 
brother and sister Lian (20) used ascorbio acid in the treatment of 
one of their cases, and also were able to demonstrate reduction of the 
abnormal pigment m vitro We were not aware of tbeir results at the time 
our own work was earned out 

The mode of inhentance of this disease is not yet clear, because the 
material so far available is hmited to very few fatmhes As ® 

present family, in addition to the two brothers Case I and Case II, of an 
19 years respectively, the present generation consists of one sister, aged , 
and two brothers aged 24 and 20 There was another brother who ^ed oJ 
whooping cough at the age of 9 years The ^ ® . J 

The father died (aged 61) from congestive heart fadure and ^ ’ 

to colom 18 stated by the family dootor to have boon no^ 
oxaimnatiol. of blood samples from the ““‘‘'“ “f ^ thS t^oeption of 
members of the present gonoretion sho^d two duldran 

Cases I and II there was no trace of metbiemoglobm 
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out of Six were affected, the oarfinfo 
disease Careful enquiry faded to LLst 

parents, nor was there any historv of ^ consanguinity between the 

OM two oases nor then brotaor Jtor aS^J" S 

facts are avadable from pubhshed recor/?« w relevant 

oases of Bonsley (1) wer^^o? ^h. f f 

oluldren It was said that the mother nf ease had eight normal 

an abnormal complexion at the age of eleTen''°wS a 

6 of them, 3 boys and 2 girls, were said to have born blue but of ’ 

and f diarrhoea, one girl at 6 years of whooping couT 

normal child Hitzenberger s (16) case apparently had had two brothers 
with similar abnormalities The condition may be associated with other 
hereditary defects thus Hitzenherger’s case was dwarfed and mentaUy 
ancient , Lian stated that in their patients the mean diameter of the 
KBG and the mean corpuscular volume were significantly greater than 
normal, while a low blood fibrinogen afforded evidence of possible congenital 
liver defect Consideration of the evidence as a whole makes it seem probable 
that the disease is inhented as a recessive character, while the cases of 
Bensley (1) indicate that it may show itself m either sex 


Athology of idiopathic metlKemoglobinamia There appear to be three 
lands of methmmoglobinmmia (1) MethcemoglobrnBemia due to drugs such 
as acetanilide, antipyrine, phenacetm This is the commonest type of 
mothmmoglobimemia The methmmoglobin generally disappears ffom the 
blood 24-72 hours after stopping the drug 

(2) Enterogenous methasmoglobmmmia, which occasionally occurs in 
adults with marked diarrhoea, and is possibly caused by excessive absorption 
of mtntes from the gut The pigment is intracorpuscular van den Bergh 
and Gruttorink (28), Lichtenbelt (21), and Duncevskiy and Kozlovskaya (9), 
describe a total of 8 cases In some of the cases of van den Bergh and 
Gnittennk, the BBC contained an abnormally large amount of mtnte 

(3) Idiopatluc metbmmoglobinmmia In this vanety, there is constant 
cyanosis of a bliush tint, usually congemtal, occasionally famibal The 
general health is good The blood shows substantial amounts of intra- 
corpusoular methaemoglobm and a tendency to polycythscmia 

Peters and Van Slyke (26), have suggested that methiemoglobm is 
constantly being formed in normal persons, and that it is reduced by enzyme 
systems mtliin the corpuscles Accumulation of methiemoglobin mig 

be due to 

(a) An abnormally rapid rate of formation, exceeding the capacity of 
the normal mechanisms for removal 
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(6) A deficient mechanism of removal mth a normal rate of formation 

(c) The presence of an abnormal type of methsemoglobm not reducible 
by the normal mechanisms 

Drug methsemoglobmaemias probably belong to type (a), as shown by 
the rapid disappearance of the pigment on withdrawal of the excitmg cause, 
while van den Bergh and Gruttennk’s (28) observation that the pigment 
disappeared m 24-48 hours when their cases of enterogenous methsemoglo- 
bmsemia were given a milk diet, suggests that this condition has a simfiar 
ongm The observations which have been made on our cases mdicate that 
there is a deficiency of the enzyme mechanism for the removal of 
methtemoglobm It is not possible to say whether this deficiency is 
associated with an abnormally rapid rate of formation of the pigment 
(though there appears to be no reason for postulatmg this), or to assign 
significance to the finding of streptococcus vindans m the unne 

Mode of action of ascorbic acid The results of our in vitro experiments 
and our failure to demonstrate mcreased formation of bde pigments during 
treatment combme to show that removal of methsmoglobm by ascorbic 
acid IS effected by reduction to hsemoglobm rather than by destruction of 
the abnormal pigment 

The methssmoglobm level m the blood of these cases depends on the 
equihbnum established between the rate of formation and the rate of 
removal of the pigment Gibson (14) has found that the reaction between 
methcemoglobm and ascorbic acid can be descnbed by the bimolecular 
formula The rate of reduction of methsemoglobm is thus proportional to 
the product of the concentrations of the two reactants * The suggestion 
of a dynamic equihbnum is supported by the product [MHb] [ascorbic acid] 
bemg nearly the same before and after treatment The curative effect of 
ascorbic amd would seem to consist in displacing this equihbnum by mcreasmg 
the rate of reduction of methsemoglobm , the concentration of methsemo- 
globm m the blood would fall until the rate of reduction agam became equal 
to the rate of formation at a new and lower methsemoglobm concentration 
While our cases have contmued the treatment without mtermission, thereby 
mamtaimng their blood methsemoglobm at a low level, it is probable 
that the therapy is m no sense curative A reduction m ascorbic 
acid intake would be expected to lead to the accumulation of further 
quantities of methsemoglobm m the blood 

The relative fteedom from subjective symptoms enjoyed by our patients 
even before treatment, is worthy of comment, and is possibly to be 
explamed by the imtial polycythaemia and high total pigment concentration 


The presence of glntathionc m the BBC in omoonts large as compared with the ascorbic 
acid will ensure that the latter is maintained m the reduced state In vitro experiments onth 
glutathione ha\ c shown that although it docs reduce methsemoglobm, the rat^ of reduction 
IS slow compared with the rate of reduction due to ascorbic acid 
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The compensatory nature of this reaction is suggested by the fall in these 
values "which took place durmg treatment (see Fig 1) 

The success which has attended the use of ascorbic acid in these cases 
might V ell prompt its tnal in other types of methsBmoglobmsemia It is 
our opimon, however, based on the observed rate of recovery of our cases 
and the in vitro results of Gibson (14), that the effect of ascorbic acid m 
mothsenioglobin®mia due to drugs would be so shght as to be negbgible in 
comparison with the rate of reduction which might be expected in the presence 
of an intact corpuscular enzyme system 


SuMMASr 


1 An investigation is descnbed of two brothers suffermg from fanuhal 
idiopathic methoemoglobmsemia 


2 Blood changes in one of the brothers were followed durmg the 
course of successful treatment oath ascorbic acid The cyanosis was rehevod 
and the metluemoglobm fell from 7 3 g/100 cc to 0 8 g/100 cc blood 
Continued treatment with ascorbic acid (200-300 mg per day) has kept the 
methffimoglobjn at a low level for nearly two years 


3 In vitro ascorbic acid reduced methsemoglobin in the patient’s 
red colls to normal hiomoglobin 


4 The enzyme systems in the erythrocytes 
methannoglobin in presence of added glucose or 
than did those present m normal red cells 


of the two patients reduced 
lactate much more slowly 


6 A summarv is given of the mam features of the few oases of idiopatko 

reported The “trial 

ecid in Moving the eymptoms, and the ietiology of the diaeaae, 


are 


discussed 
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EXPERDIEIITAL T. nfB ISCBLffiMIA m MAN WITH ESPECIAL 
REFERENCE TO THE ROLE OF ADENOSINE TRIPHOSPHATE 

By H B STONER and H N GREEN * 

{Dept of Pathology, The University, Sheffidd ) 


Of recent years, the occlnsion of the blood supply to one or more limbs 
has become a standard method of prodncmg shock m animals (4, 42, 44) 
That mterference with the blood supply to the limbs m man wiU produce 
senous effects is shown by oases of the “ crush syndrome ” foUowmg prolonged 
compression of the hmbs by masonry, etc Most of the experimental work 
on limb ischsemia m man has been concerned from a physiological pomt 
of view with the phenomena of reactive hypersemia (23, 29) and from a 
pathological pomt of view with Volkman’s contracture and traumatic 
artenal spasm (7) Although it was pomted out by Cannon (18) that collapse 
frequently followed removal of tourniquets which had been left m place 
for a long time, httle experimental work on this aspect of the effects of 
tounuquets m man appears to have been earned out 

In the course of work on factors operative m the production of shock. 
Parsons and Phemister (35) observed the effects of a tourniquet apphed to 
one leg After a penod of 15 mm ischcemia they found that the systohe 
blood pressure fell from 106 to 102 mm Hg m two experiments while the 
pulse rate rose from 72 to 76 per mm Normal values had returned withm 
10 mm and not much importance was attached to the finding Livingstone, 
McFetndge and Brunner (30) found that the apphcation of a tourmquet 
did not produce any appreciable change m the blood pressure if the patient 
was fully anaesthetised, but if not, then a shght nse might occur After 
removal of the tourmquet, 65 of 75 subjects showed a fall m blood pressure , 
in 31 of the 65 the pulse rate diminished and of the remammg cases, 10 
showed cardiac acceleration These results are difficult to evaluate as 
neither the method of apphcation of the tounuquets, the duration of the 
hmb iscbiemia nor the extent of the changes in blood pressure or pulse rate 


• Our thnnks nre due to the members of the Sorbv Keseaicb Institute and students who 
acted ns ■mbjccts for the»e experiments to Jlr P W Holdsworth for acreas to cases under his 
care to Mr Well wood Ferguson for making the sbt lamp ob^r\ation3 to Dr G £ Robinson 
for help with the retinal microscope and to Prof E J M avne for help m various wavs It u 
also a pleasure to acknowledge the techmeal assistance of Messrs G Littlewood J Westrop 
and \\ C Bartlej The expenses were defraved by the Medical Research CoimcQ. 
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are given Alam and Smirk (2) found tkat there was little change in the 
pulse rate during the first 10 mm of arrest of the circulation to the resting 
leg of the unan&esthetised subject hut after 10 min there was an appreciable 
increase in the rate m some subjects Wilson and Roome (44) show a 
graph of the blood pressure changes in a man who had a tourniquet apphed 
to one leg for two hours dunng an operation under ansesthesia There was 
a marked fall in blood pressure on removal of the tourmquet, the blood 
pressure having been raised during the penod of ischsemia The blood 
pressure returned to normal after a few mmutes to be followed by a secondary 
prolonged fall about 20 mm later 

Precise knowledge concermng the reactions which occur during and 
following the apphcation of tourmquets m man would appear to be lacking 
In view of the importance attached to the use of tourmquets m war time, 
it seemed that a re-mvestigation of this subject was wanted It was also 
desired to determine, if possible, whether or not adenosine triphosphate 
(ATP) played any part in these reactions as it had previously been shown by 
Green (26) and Biolschowsky and Green (12) to be capable of producing 
a shock-hke state in ammals 


Methods 

The investigations were earned out on 11 males whose 
from 19 to 33 years Seven of these were receivmg a diet 

A but their reactions differed in no way from f ® 

The subiect lay comfortably at rest on a raised stretcher Care w^as 
taken to avoid — nt of L limbs in order to exclude ^h^pd. 

— 1 ) 

foTperiJ recorded at mWa 

winch extended up to 2 hours aftw tlm re ease , blood pressure 

eenaat.oaa expanenoad '>y f t. Ld the 

„ some oases and mB be tafartad to m the text ^ ^ 

'VVhon the subject had been l3^g +n«rniauets (rubber Esmarch’s 

Sbowd that a “‘^^’‘„^SsTaa to' oaolnda the anoolataon to the 

bandage) were apphed to ^oth g ^ ^ pedis artenes 

legs as judged by the disappeara P tourmquet was simply 

So methods of application ^ d^vated for a few mmut. 

bound round the imd-tlngh (2) the legs 

and the rubber bandages were then apphed, jun^ ^ j^e 

“t‘to randat the >>tob an far at 
roferred to a« methoda I and u 
for 25 mm 
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Eesulis 

1 Changes occurring during ihe period of ischcemia Similar changes 
occurred dunng the 25 mm penod of arrest of the circulation to the legs 
in both tj^es of experiment and the results are therefore considered together 
They are summarized m Table I 


TABLE I. 


ObsctvaltoM btfore and at the end of a 25 min penod of etreulafory amst to both legs 


Subject 

Method 

Oral temp 
“F 

A B 

Pulse 

rate 

A B 

Svst 

BJ 

A B 

Blast 

BP 

A B 

Kesp 

rate 

A B 

BHJa 


I 


9S2 

98 2 

64 

78 

134 

164 

66 

100 

12 

12 



n 


98 4 

96 8 

72 

92 

118 

152 

60 

76 

14 

18 

CiU 


I 


93 3 

98 8 

84 

100 

126 

118 

80 

78 

IS 

12 



n 


98 G 

981 

96 

92 

124 

134 

76 

88 

16 

20 

EHD 


I 


98 9 

99 0 

72 

72 

116 

124 

58 

74 

16 

20 



n 


■ 


76 

84 

106 

140 

50 

92 

IS 

16 

HG 

t 

I 


m 


64 

68 

136 

148 

78 

98 

12 

12 


1 

1 

n 


97 8 

97 8 

64 

72 

122 

142 

84 

102 

12 

16 

LT 


I 


97 4 

97 7 

64 

84 

126 

150 

74 

96 

16 

16 


1 

n 


98 4 

98 5 

80 

92 

142 

138 

72 

82 

22 

15 

XWJP 


I 


98 4 

97 2 

72 

68 

118 

129 

72 

100 

12 

12 



n 


98 4 

97 8 

72 

76 

114 

138 

68 

98 

12 

14 

JJD 

! 

I 


98 6 

97 6 

48 

68 

116 

140 

70 

98 

12 

8 



I 


97 2 

97 7 

52 

68 

114 

134 

64 

86 

16 

20 



n 


98 7 

08 3 

60 

68 

120 

128 

68 

70 

20 

20 

CDS 


I 


99 2 

98 8 

72 

84 

136 

142 

88 

100 

20 

20 



I 


98 0 

98 3 

76 

84 

124 

140 

80 

86 

16 

16 



11 


98 5 

98 7 

68 

80 

128 

130 

76 

SO 

20 

20 

DW 

1 


1 

99 1 

99 2 

64 

72 

116 

124 

78 

60 

16 

16 

HB 

1 


1 

98 1 

08 0 

72 

SO 

126 

152 

76 

100 

16 

16 


Method I — simple application to the thighs 

n — apphcation with prelimmarv bmdmg of the legs from the foot upwards 
The figures under A and B are the readings just before the apphcation of the tourniquets 
and just pnor to their release rcspectiveh 
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ir After to totl S",r T 

r^is ““ ^~:s 

of to teurnrquete to ocomHL ttStS 

seeping into the limbs and was unable to leave owing to the more comolete 

methoTTT^ of apphcation was greater wth 

Reared to be no ditee 
between the two methods in this respect tuirerence 

. of the subjects in 10 experiments performed on them, complamed 
oi feehng hot during the period of circulatory arrest The time of onset 
01 this sensation varied from 3 to 24 mm after the apphcation In one 
subject {B H H ) tius was accompamed on both occasions by general 
sweating This was tlie only subjective sensation other than pam observed 
during the period of hmb iscbsemia 


There was a sbght rise in the buccal temperature m some subjects 
The figures m Table I do not bring out this pomt as the oral temperature 
was often faUing just pnor to the release of the tourniquets A rise m 
temperatuie occurred in 13 of 20 experiments, the average rise being 0 3°F 
(range 0 1 to 0 S"®') The peak of the rase was reached at around 16 nun 
and usually preceded the sensation of heat which was sometimes accompanied 
by fluslung of the slun Earher experiments with shorter penods of occlusion 
shouted that the extent of the rise was not proportional to the penod of 
ischmmia There is naturally some doubt as to whether such a small nse 
in temperature is significant Its frequent occurrence, the subjective 
sensation of heat and the flushing of the skin do however suggest that m 
some subjects the body temperature nses durmg hmb ischsemia 


The most striking changes were m the cardiovascular system A nse 
in blood pressure occurred in every experiment (shown in all but one m 
Table I) It iviU be seen (Eig 1), that whilst the general level of the aystohc 
blood pressure was higher than m the control penod, the nse was characterised 
by two small peaks This was observed in all except three of the experiments, 
when only the second peak occurred The first peak was seen within a few 
minutes of the apphcation of the tourmquets after which the systohc pressure 
fell, to nse again to a second peak shortly before their removal The increase 
in the diastohc pressure was relatively greater than that of the systohc 
with a consequent reduction m the pulse pressure during this penou 
Acceleration of the pulse rate aocompamed the nse m blood pressure in ail 


but one exponment (N W P ) 

There were no constant changes m the respiratory rate Sometimes 
tbJ'Z m mcreas. m the depth otrespaato^hieh eeemedte te momM 
^rrr^e of me» the pern was not se«te 

to he shaUower ton norma!, an observation also made previously ( ) 
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2 The immcHtatc effects of release of the tourniquets Inimctlintclj 
after release tliere was iniltl jjiin in the lcp!> in all instances lasting about 
3 min The pam w as of similar intensity \\ ith both methods of application 
There were also other subjcctne and objcctixc mnnifcitations In general 
both the incidence and se\cnt\ of the sMiiptoms after method 11 were less 
than after method I A monientarj sensation of faintness occurred in 
about half the tests and was more prononneed after method I , actual loss of 
consciousness was not obsened Generahrefl tremors occurred ami in one 
man (N W P ), began before the remoxal of the tourniquets Using method I 



Fig 1 (Subject H G ) ShowH the chonges in Wood pre^wre pul»e rntc rpipiratorv mto and 
oral temperature (°F ) dunng and after arrest of the circulation to both legs for 25 mm 
Method I continuous Ime Xlcthod II broken hne 


the average time of onset of the tremors, which occurred in G of 9 tests, was 
3 min after release whereas with method II the onset was delayed till 7 mm 
and then onlj occurred in 3 of 0 tests 

One of the most stnkmg changes following the removal of the 
tonrraquets was a fall in the oral temperature , this occurred m 16 of 17 
experiments The average fall was the same in both types of experiment, 
bemg 1 I'T (Group I, 0 6 to I 7‘’F Group 11, 0 6 to 2 5°F ) The 
temperature was depressed for approximately the same time m both groups, 
averagmg 25 min m I, and 22 mm in 11 The fall usually started 
immediately after the removal of the tourniquets but m 6 instances it began 
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& Gr^p Gro„p n 

(6 to 22 inin ) ® ^2 mm ) compared ^vith 9 Ln 

■n ere affected by tlrmetUodof^” '“uneiately after release (see Kg n 
I tbe eyetoUe bleed Xare SHbe 

feU m 3 and m one thenTnnt^ eft« removal m 6 eapenmente, 
m the tn o T^Z if J„„?rr ^ '^”“8 ^*'"4 

fe?mn^fr\ ? ‘t “ *''« drastoho prfZ' 

Sn f T ' ^ n® detected In group U 

m pressure feU m 6 experiments, rose m 2 and showed no change 

ri 1 f ®° great as in group I and m no case was the pressure 

rdable After tins primary fall the pressure rose over a penod of 
5 min in both groups to above the normal level, and after remaining at tins 
tevel for 5 to 16 mm gradually fell to its original value It will he seen then 
that in general the pulse pressure was greatly increased in the first 6 nun 
after release, and uas followed by a fall to below the normal level The 
primary change is much greater with method I than with method n 

The changes in the pulse rate immediately foUowmg the restoration 
of the circulation in the legs were as follows Group I — ^m 7 of 9 
experiments there u'as a rise (average 17 per mm ) , m the remaimng two 
tliere was no immediate change This lasted for 3 mm after which the 
pulse rate gradually fell about 12 beats (range 4 to 28) per mm below the 
original level Group II — 5 8ub3ects showed a nse (aver 6 per nun ), 

3 showed a fall (aver 11 per mm ) and one showed no change With the 
second method of tourniquet application cardiac acceleration was much less 
evident immediately following release After this phase however, brady- 
cardia of similar degree and duration followed in both groups The penod 
of bradycardia was very variable, and in some experiments the pulse had 


not reached its ongmal rate after 2 hours 

The effect on the respiratory rate also vaned with the method of 
applying the tourmquets With method I the respiratory rate mcreased 
immediately after release in the majonty of e^enments and dyspnoea 
was experienced by seven subjects With method II it increased m only 
two instances and decreased in four, dyspnoea was expenenced by 3 subjects 
Not much additional information was gained from the traemgs ® 
respiratory movements which wertf made in 11 expenments except t a , 
coincident with the increase in rate, an increase in respiratory amp u e 
was noted Restoration of the circulation to the resting ischsenuc nmos 
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ir,5 

^^ollld appenr to produce a tcmporar\ incrciso jti pulmonary ^cnt^\atJon 
In Fig 1 representntno flndings arc ahoun uhicli illustrate that the changes 
m blood pressure pulse and respiration (like the fiiibjectue phenomena) 
are less after method II than after method I 

3 The drlat/d cjfcclt ajirr rchatc of the loiinnqurli There ucrc no 
significant differences between the two methods of tonmiqiict application 
in the changes which occurred between J and 2 hours after restoration of the 
circulation to the limbs The results will therefore bo treated as a irholc 

In most oxpemnents the subject felt complctch normal dnnng this 
period Borbongnii were heard inTof IS cvjicniiicnts about half an hour 
after the release of the tourniquets and in one subject were accompanied 
b\ colic 

There wore no changes in cither the rate or depth of respiration but 
there were changes in the cardioa nsctilar sastem In 10 c^pcnnients there 
was a fall in the sastolic pressure (average 10 mm , range 2 to IS) which in S 
avas accompanied ba a decrease in the pulse pressure (a\cr 14 mm , range 
4 to 30), whilst in two other experiments there was a reduction m the pulse 
pressure without am significant change in the ssstolic pressure The fall 
coinincnccd 3 to "53 nun after the rcino\al of the tourniquets and lasted 
for an a\cragc of 2o nun (I to 47 nun ) The t^pc of fluctuation produced 
18 shown in Fig 1 As noted before, the pulse rate during this jicnod was 
frequonth below the imtial lea el 

Dtscn<t$wn and further obscnations 

The most important changes during a 25 nun penod of ischasima of 
both lower bmbs are those in the cardiovascular system One possible 
explanation of the nse in blood pressure is that it is a mechanical effect 
due to the reduction in the vascular bed Bearing on this is the work of 
Barcroft (6) who showed that occlusion of the thoracic aorta of the dog 
produces an increase m blood pressure and cardiac output, especially after 
section of the vagi With Formijne (6) he demonstrated that this effect 
was mdependent of the nervous system and was a mcchamcal one If such 
were the explanation of our results then one would expect that the nse in 
blood pressure w ould be greater when the hmbs were made bloodless before 
occlusion of the circulation, than when part of the circulating volume was 
cut off in the hmbs This was not so Furthermore, if the effect is 
mechamcal it should occur under deep aiucsthcsia This was tested in 
SIX patients in whom tourmquets were apphed after the induction of 
anaesthesia pnor to operation (memsectomy, etc ) In deep an'csthesia 
produced by a chloroform-ether mixture followed by ether it was found, 
in agreement with Livingstone, MeFetndge and Brunner (30) that no nse 
m blood pressure occurred It appears probable, therefore, that the nse is 
reflex m ongm Alam and Smirk (1, 2) have shown the presence of blood 
pressure-raismg and pulse acceleratmg reflexes arising in the muscles of 
ischaemic hmbs durmg exercise They consider that the excitmg agents 
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•mth or "mithout exercise are muscle metabolites actmg upon afferent nerve 
endings, and that pain stimuli are not involved (3) Whilst agreeing that 
the changes are probably reflex m origm, we are not so certam of the nature 
of the stimulus In the present work, the blood pressure and pulse curves 
showed two peaks which were coincident with the time of greatest pain, 
namely at the tune of apphcation and just pnor to release This view is 
supported by the observation of Eichna and Wilkms (23) that only when 
pain v as felt dunng the penod of ischaemia was there a nse m the blood 


pressure 

With regard to those changes occumng immediately after release of 
the tourmqucts it is necessary to elucidate both the changes themselves 
and the diflTerences between them with the two methods of apphcation 
The most constant effect was the fall m oral temperature and a possible 
explanation is the loss of beat through the hyperseimc areas The skin 
temperature of one leg, above and below the site of the tourmquet, was 
followed with a thermocouple in three experiments and the peak of the 
increase seen during the peiiod of reactive byperffimia was found to com^de 
mth the point of ma\imum depression of the oral temperatme ims 
explanation is suppoited by the fact that neither the de^e of the reactive 
hyporfflima nor tlio feU m oral temporature was giwtly offeoted \yy ths way 
in which the tonmiquets wore apphed Ihare were however ninor differenera 
relate, and ?heee. eonpled with the fact that in d of ’ 7 — ^ 
the deohno began before the release of the tourniquets, suggest 
o/the hmbs IS probably the mam faetor, ,t 
OM The n— '"fao" of coldness was ob-nously assooiaW mth the faU m 

“^peSuroTstem pm-bahly the mus^ar 
in part, in L work 

for ehort penods the there was an moreose m the 

on a treadmill On restoring t T.nmpd bv a marked increase in 

pulmonaiy ventilation, oryge/mtake was asenb^ to 

the blood lactate Part of * and Maegrmth (14) hove shown 

the removal of tins lactate ® jachjemic hmb is more acid than 

that the reaction of the blood mcrease m pulmonary 

normal and tins offers an b^herf ^ 

ventilation The experiments <iesoribe r 

but It IS probable that a ®“^tLds of tourmquet apphcation 

tto dlffoLecs tXrpeS woretheousetofd^^^ 

for with method 11 tliere was a short latent P ^ j^^ethod I, blood 

involved 
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.\*5 to tlip c'»nlio\ n'iculir cimncps, two possible c’cplnnntion? ore 
siigs^tMctl (1) thp\ nrc hcrojidnn to the rcspirotor\ chnnpes nnd (2) tJic} 
ore due to the hljerntion of RuhstineeH whtrh lm\c necumulated in the 
hmbi dunng the period of i‘>ehi mm Owing to tiio differences Been following 
tlie two methods of njiphrition the chnnpes enimot he evplnincd 1>\ n 
neurogenic thcor\ nor cm t !ie\ he Fecondftr\ to the fnll in hod\ tempcriitiire 
Tlmt the\ nrc ^econdnr^ to the respirntorx chnnpes Bccins iinhkch for the 
cardios nsciilnr effects of hspirpmen nc \cr\ Nnnnhlc (I'l), nnd tliej Imse 
been filiown (H, 12 40 43) to he niininin! when the Mtlijcct is recumbent, 
as in our exjienniciits Nor was the degree of hjpervcntihtion sufficient 
to produce the ohsersed chnnpes in blood pressure nnd pulse It would 
seem more likeU tlmt the cnrdios nsciilnr effects were due to the release of 
metabolites into the blood 


T\mt u 


‘'till 'nncf 


\tlflirr 

Aden'* tnc contnmins ‘id tnmv-i 

tinknoTn 
ml 1 It 
rnbbii 

7i|if (17) O'lolfsl Dnin (il( 

Hiltinc nnd Mn'%.raitb (1 1) 

'>ton'*r and Orrs n ( U ) 

Hts'orauio 

mtn 

mhljit 

mnn 

mnn 

n\bbtt 

Ilnrsimm nnd Onddiim (10) 
pnrsntim nnd ‘>mirt. (It) 

Itillinc nnd 'tm graitli (N) 

111 jmfptl l)% 

Mnrcoii Tom n nn 1 Cliin'"cnno (31) 

Kwint! ow-ki (^H| 
do 

Polo* mm 

ent 

man 

Irnn Wild*’ Ilonk nn 1 Kocnomnnn (24) 
llr id) (37) 

Loetnt<^ 

mnn 

Hnnnnn Momri nnd Con oinzio (S) 

5U oh,Tmoglobin 

mnn 

RyvintorA el al (10) 

Inorganic phosjibatci 

<Iog 

rabbit 

Dunnnn (20) 

M\Ion \\int«*milz nnd do Suto \ng> (34) 
Stonrr nnd Grwn (41) 

Crcntino 

mnn 

Bywntcra (17) 


Substances srtiich have Ijrcn rfiown to be til>crntc<t into the blood stream from iscfaxmic 
bmbs mth a immmorv of tlie Iitcmturc 


The nature of substances liberated into the blood stream from ischsemic 
limbs has long been a matter of plij Biological and pathological interest 
A list of the substances which have been foimd to be so hberated is shown 
m Table 11 In the mam these substances arc denved from the muscles of 
the ischomuc part 

Lewis and Grant (29) considered that histamme or some bistamine-hke 
body might play a part in reactive hyperrcmia In support of this, Barsoum 
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and Gaddum (10) and others (11, 14) fovind an increase m histannne in the 
blood leaving the ischsemic hmb The point has been re-investigated by 
KmatkoTvski (28) who concluded that the blood histannne was not 
sigiuficantly increased and that histamine was not concerned in the general 
disturbance foUounng reactive hypersemia Our findings support the second 
of these conclusions for flushing of the face and headache (symptoms which 
follow the admimstration of very small amounts of histaimne, (11)) were 
each only observed on one occasion Nor was it possible, by the intravenous 
injection of histamine in varying amoimts to produce changes similar to 
those following removal of the tourniquets Rewell (37) has recently 
demonstrated a rise in serum potassium m a senes of eiqienments with 
tourmquets rather similar to those described here The mcreases reported 
by him are small and it is doubtful if they play any part m the production 
of symptoms, especially in view of the work of Winkler and Hoff (46) who 
found that potassium intoxication played httle or no part in the death of 
dogs djong as a result of hmb ischaemia 

As already pomted out one of our mam interests in these expenments 
has been to determine whether or not adenosme triphosphate (ATP) had 
any role in the causation of the changes descnbed Both I’leisch and Weger 
(25) and McDowall (33) have suggested that ATP may play a wusative 
role in reactive hypersemia In agreement with Zipf (47) and Bdlings and 
Maegraith (14) we have previously shown (41) that hmb isoh®mia m the 

rabbit IS accompamed by an increase in the "V « 

blood It IS therefore important to decide whether hmb lechffiima is 

accompamed by such a rise in man 

Adetiosme asimam Accordingly obBcrvationc ircic ““S® ™ ^ 
normal male anbjccta n-boac ages ranged bc^n « 
subioot bad been lying at r»t for 

antecubital vein without obstruction at » g^njarly spaced to those 
was the control period, the tourniquets 

m the expenmental At th^66^^^ 

wore applied to both legs J lOO mm The blood 

Further blood specimens were B^sonm and Gaddum (9) 

adenosme was extracted using ® anticoagulant and the 

modified for 2 0 cc of blood ^thdrawal The hemoglobin 

extraction was commenced immediately afte tum^^^^^ 

concentration (Haldane) of each modified gmnea-pig 

u'cro assayed against adenosine ( method was found to hoi 

auTclc prJparatr<>n(«,22) 

1 Mnt Each extract was assayed on at Ic^^P ^ 

and each value given for the gy oorrootion to » 

oflnffli-ed for any alteration in the blood no y , . the blood mto 

oorpuscles and plaamn, and aU tbe va 
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equivalents refer to uholo blood It might bo reasoned tlmt since the 
increase in the adenosine equivalent uhich could bo expected on theoretical 
grounds is small, it would have been more profitable to base examined the 
plasma in which the normal concentration of adenosine containing substances 
is loir This was not done because it has been shown bj Phemistcr and 
Handy (36) that xen shght trauma to blood after withdraw al results in its 
acquinng vasodilator properties due to the bbcration of adenj he acid or a 
compound contaimng it (Zipf (-16)) Furthermore, Barsoum and Gaddum 
(9) have shown that shght degrees of trauma to the blood leads to alterations 
in the adenosine equivalent of the plasma It would therefore be difficult 
to decide on the sigmficanco of an} small increase in the adenosine equivalent 
of the plasma 


TAIll F in 


Effect of <1 10 wifM jyrnofi of etrruhfon/ arrcJtf to both ott the ndeno^tn^ fqmmtfnt of trf ate r^fiOfW 
hlo»l Toum^ijurt^ oppttrtt from bVh to 8V/1 win of thr exp rtmrnf 



Timp wIm n i.pprtmpti tnUon (min ) 


0 

30 

3t 

50 

■B 

87 

100 

Subjert 

Aclpno-<ino cquiMiIrnt 


JJ) 

130 

I'M) 

IIO 

200 

170 

2S0 

270 

CDS 

no 

130 

130 

no 

no 

ISO 

120 

CDS 

_ 


— 

130 

— 

150 

ISO 

J AC 


210 

220 

190 

220 

230 

200 

OR W 

no 

130 

no 

130 

no 

170 

no 

ARC 

no 

ISO 

— 

150 

ICO 

170 

ISO 

AM 

130 

130 

120 

130 

130 

200 

170 


It will be seen from Table III that the adenosme equivalent of the 
whole blood 2 mm after release of the tourmquets was greater than at any 
other tune The average increase was 33 per cent (range 11 to 79 per cent ) 
and m 6 experiments it had reached or was approachmg the normal level 
within 15 mm This mcrease has been exammed statistically and is 
significant Limb ischromia in man is followed therefore by an mcrease m 
the adenosme eqmvalent of the blood The exact nature of the substance 
which causes this increase is not known but,there are theoretical reasons 
for identifymg it with adenosme triphosphate (Stoner and Green (41)) and 
more recent ammal experiments tend to substantiate this view 

To allot a part to ATP in the production of the general effects of reactive 
hypersemia, m addition to demonstratmg that hmb ischaemia mcreases the 
blood concentration, it must be shown that the mtravenous mjection of 
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small amounts of ATP reproduces some at least of these effects, that those 
subjects who have become tolerant to mjections of ATP react loss after 
hmb jschiemia, and that sensitivity to bmb ischeemia vanes m the same way 
as sensitivity to ATP 

Admosin& irtphospkaie tujechons The effect of adenosine and alhed com- 
pounds in ammala has been reviewed by Drury (21) The action of ATP m man 
has not been directly investigated but that of adenosine and adenyhc acid has 
been studied from a few aspects and the relevant references will be found 
in the above review Our investigation of the action of ATP was made m a 
series of 7 male subjects whose ages ranged from 10 to 33 years Both the 
sodium and the magnesium salts were used, these hemg prepared from the 
banum salt The doses ranged from 5 to 40 mg In an experiment lasting 
3 Iiouis w’here 50 to 80 mg were given m divided doses no cumulative effect 
M as observed In man as m animals the magnesium salt is the more active 
and gives a closer approximation to the picture seen after release of the 
tourniquets This accords with our view that the magnesium salt is the 
biologically active one (13) 

Sensitivity to intravenous ATP vanes Pour subjects received both 
intravenous injections of ATP and underwent tourmquet expenmenta 
Their order of sensitivity was the same to both procedures, the correlation 
between the degrees of bradycardia being . 

With successive injections of increasing doses ^^/^rtentlfTcoiLed 

in the pulse rate With for a minute 

M t ) the mam efiTect was tachycar mmute the 

durmg which tlie pulse ^here it remamed after the smaUer 

pulse rate returned abrup y denressant action of ATP on the 

doses With slightly larger o ^ p^e rate was less or 

heart became more evident ^be pnmary^ bradycardia With larger 
absent and was always ^^dent This transition from 

doses the depressant action w^ e g p Here a dose 

stimulation to depression v a body wt ) increased the heart xa e y 

If 10 mum NaATP (0 162 mg /kg body “ double tlus dose 

32 beats per min wth a leturn to ^ slowing of the heart occ^ed, 

produced no unmedieto ® beats a »m ) . 30 "f" 

Ltag for 6 tTSS laeted for one nnnnte ate r** to 

e profound “’tr^S over a penod of 10 

St^>Sy*^x?onment ,n wtoh heart Week nngkt be snspe 
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to have less action on the conducting tissue of the human heart than adenosine 
and muscle adenyho acid (27, 3S, 3*>) The changes in the pulse rate after a 
moderate intravenous dose of ATP are illustrated in Kig 2 These changes, 
and in particular the penod of hradjcardia arc much like those obsened 
after release of limb tourniquets 



Fig 2 (Subject GJ)^ ) Shovrs the changei m blood pre^^ure, pul«o rote rcipirntoty rote 
nnd oral and cheek temperotures after the mtnttcnous injection of 20 mg magnesinm 
adcnoffino tnphosphato (0 316 mg /kg body weight) 

The changes occurring in the sjstohc blood pressure reflected those in 
the pulse rate The systohe pressure was raised somewhat dunng the 
primary cardiac acceleration to be followed by a shght fall when the heart 
rate was depressed The type of change is shown in Fig 2 where it will be 
swn that changes also occur m the diastoho pressure Dunng the phase 
of cardiac acceleration it usually fell sometimes so far as to be nnrecordable 
^ter tins it returned to its onginal level but tended to nse dunng the penod 
of bradycardia, thus producing a fall in pulse pressure 

We have also investigated the effect of ATP on the penpheral vessels 
ibe central artery of the retina was observed in two subjects during and 
foUowmg the mtravenons mjection of ATP Although the doses used were 
^mmal for the individuals concerned no alteration m cahbre was observed 
In three sufajerts ATP was injected into the brachial artery in doses of 
o mg The result was a patchy bnght eiythema accompamed by 
tinglmg pins m the forearm and a nse in the temperature of the affected 
Skin The changes appeared after a latent penod of 30 to 45 secs and 
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lasted for 3 to 6 mm We mterpreted this as due to artenolar dilatation 
The reaction of the capiUanes was observed m two ways The capiUanes 
at the comeo-scleral margin were observed -^^th a sht lamp microscope 
dunng and following the mtravenous injection of ATP No change was 
observed in the cahbre of the vessels Intradermal mjection mto the skm 
of the forearm of 2 0 mg dissolved in 0 6 c c saline produced a flare of 
moderate intensity around the area of the mjection which itself remamed 
pale When this was followed, 10 mm later, by the mtravenous injection 
of 10 c 0 Evans’ Blue (T 1824) the centre became stamed with the dye 
The effect on the capiUanes would therefore appear to be mainly one of 
an increase in permeabihty There was also evidence of local fluid loss 
when doses of 25 to 60 mg were given subcutaneously These doses had 
no general effects but led to severe pam with local swelhng and mduration 
which lasted for about 1 hour In man, therefore, ATP would appear to 
exert its mam penpheral effect through the arterioles This would account 
for the changes in the skin temperature It wiU be seen (Fig 2) that the 
intravenous injection of ATP is foUowed by a rise in the temperature of the 
cheek as measured wuth a thermocouple This was a constant Mng, 
the average maximum rise being 10 to 1 6°C irrespective of the dose 
employed The mcreased temperature lasted for an average of 
and in some cases w'as accompamed by flushing of the face s was s o 
lived and sometimes preceded by paUor An increase also occurred m the 

TABLE IV 

Penod of 
resp offeots 
(mm ) 


Doy of 
Exp 


Fall m 
oral tomp 
(op) 



Immediat© nse — 
Syst BP Pulse 

(mm Hg) 
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slan temporatiiro elsewhere (forcftrm) but wns not so constant nor did it 
last so long Loss of skin bent would seem suflicicnt therefore to explain 
the shght fall m oral temperature seen after the larger doses (Fig 2) 

Tolerance to ATP was induced in two subjects and it mil be seen from 
Table IV that a certain amount of tolerance was dci eloped to the cardiac 
and rcspimtoiy effects of the injections The last daj’s expenment was 
designed to see hou much ATP had to be given to equal the effects produced 
by the onginal dose It n as impossible to determine how long the tolerance 
so acquired lasted, but in one subject (JD), it nos still present a week 
after the end of the expenment 

Tourniquet exponments (method I) ncre performed before and at the 
end of this period The changes occurring during the penod of ischenua 
were unaltered but, immcdiatclj follomng the rcmoial of the toiirmquets, 
the subjective phenomena ucrc somewhat less in the second expenment 
m both men The fall in bodj temperature occurred ns before and to the 
same degree, which, together mth the fact that the degree of luTwraimia 
was unaltered, favours the view that it is duo to loss of surface heat In 
contrast, the disturbances in respiration, both in rate and depth, were less 
severe and lasted a shorter time in the second expenment The alterations 
m pulse rate were also less pronounced , in one subject the tnch> cardia and 
nse in systohe blood pressure previously observed did not occur, and m both 
the ensuing penod of bradycardia was distinctly shortened 

It would seem therefore that the effects of intravenous ATP and those 
following limb ischsemia in man have these features in common — dyspnoea 
mth increase in rate and depth of respirations, imtial tachycardia followed 
by prolonged bradycardia and a pronounced mcrcase in pulse pressure 
followed by a fall to below normal In addition the sinulanty m the sub- 
jective sensations was commented on by all subjects Other common 
features of which the significance is more doubtful, are the fall in body 
temperature and evidence of peripheral arteriolar dilatation These facts, 
together mth the nse in the adenosine eqmvalent of the blood follomng 
limb ischiemia, would appear to make a pnma facie case for alloting some 
part to ATP or adenosme compounds in the reactions follomng limb 
ischaemia , the sensitivity and tolerance expenments give further support 
to this view It IS most unlikely that ATP is the sole responsible agent, 
for there is evidence that many other tissue metabohtes gam access to the 
blood m mcreased amounts The delayed onset of effects after release when 
the tonrmquets were apphed so as to reduce the blood volume of the hmbs 
18 m favour of tissue metabohtes bemg important causative factors and, 
amongst these, ATP may well have the predonunant role 

The cause of the delayed effects after a penod of hmb iscbsemia is not 
so clear The significance of the borborygmi is doubtful though it may be 
noted that they occasionally occurred after ATP mjections at corresponding 
times The tune relationships of the cardiovascular changes are similar 
to those shown m the graph of Wilson and Boome (44) Adenosme-containing 
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Bubstances •wotild not appear to be directly involved, for the adenosine 
equivalent of the blood had returned to normal by this time, and the effects 
appeared in the ATP tolerant subjects A possible explanation is that 
gradual local fluid loss into the ischaemic hmbs is responsible for the fall m 
blood pressure Evidence of this was sought along two hnes The 
hjemoglobin concentration was examined in eight subjects but no sigmficant 
change was found Attempts were also made to record the volume of the 
limbs The girth of the calf and thigh was measured at frequent intervals 
dunng each experiment but again there was no significant change A limb 
plothysmograph (in five expenments) showed a transient mcrease in hmb 
volume immediately after the release of the tourniquets but no morease 
at later penods No explanation of this secondary fall m blood pressure 
can yet be offered but a study of the effects of longer penods of ischiemia 
might reveal the cause 


Stjmmaby 


1 The general bodily reactions durmg and following a 25 mmute 
penod of ischiemia of both lower limbs in 11 male subjects are fully desenbed 
and their significance discussed 


2 The effect of 30 mmutes ischaemia of both legs on the adenosine 
eqmvalent of whole blood has been determined in 6 subjects and a small 
but significant increase was found 


3 The phamacologioal action of odenomo 

rocpiyntoiy and eardiovasoular systema in man baa been detenmnea in 
subjects and the results fully reported 

4 The combined teenltc of these three toes of 

that adonos.no tnphospbate nmy play “ Pf “ 

occur immediately following the restoration of the ciroulat 
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DE^TELOPMENT AND COURSE OF EXOPHTHAL’MOS AND 
OPHTHALAIOPLEGIA IN GRAVES’ DISEASE WITH SPECL\L 
REFERENCE TO THE EFFECT OF THYROIDECTO'MY 


By F F BUNDLE* with the coUaboration of C W WILSON t 
(From the Westminster Hospital School of Medicine ) 


I^ this paper an attempt is made to trace the natural history of exophthalmos, 
ophthalmoplegia and related signs of Graves’ disease Senal measurements 
of the prominence and range of elevation of the 05 c have been plotted and 
the curves correlated mth changes in the resistance of the eye to hght 
pressure and, the state of the conjunctiva To be adequate, observations 
must be continued for months or years and clearlj this is not practicable 
nhen fuUy developed Graves’ disease is present J We have made the 
relevant observations on patients sufienng from the ophthalmic form 

No detailed information concermng the development and course of 
exophthalmos has been available hitherto and misleading statements are 
common Thus it has been asserted that exophthalmos may develop 
abruptly, even over-night, and that its extent may vary greatly from day 
to day Evidence from measurements provides no support for such claims 
The occurrence of the ophthalmic form demonstrates that m such cases 
at least, the ocular changes do not depend on hyperthyroidism It is also 
shoim m this paper that m thyrotoxicosis, exophthalmos and ophthalmo- 
plegia are little affected by thyroidectomy These observations emphasize 
the fundamental importance of the ocular changes m studies of the nature 
and pathogenesis of Graves’ disease 

NATtTEAI. HISTOBT OF OOUUtB. OHAl«OES 

Method In attempting to observe variations in exophthalmos the 
difficulty IS at once encountered that hd retraction, with its consequent 
widening of the palpebral fissure, creates the illusion of exophthalmos, and 


• Aided by a grant from the Medical Research Council 

t Physicist m the department aided by the British Empire Cancer Campaign. 

X Some definition of terms, as used m this paper, is necessary Fully dtctloptd Qravta' 
disease unphes both ocular changes and hyperthyroidism with its systenue ^ects Th yrotoxwana 
coimotes the presence of hyperthyroidism -with or withont eye signs, Ifir ophthalmic form oj 
Oravts' dutaat the presence of charactenstic eye changes without goitre or hyperthyroidism 
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tias iffieulf/ S: “oZrTr *“ 

exophthalmos Confirmation of van + ^ statements concenung 

have been made with Hertel'e ^ophthalmometer, nS °o mvl l^ 
eoeiroey. by the melueion of a central forehead stop The rouse of eWet™ 
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1 Static phase of exophthalmos Mean xalues for readings of right and left eyes are 
represented by horizontal lines , tho dev lations of mdividual readmgs from the means are 
shown All tho eyes wore luiovrn to bo proptosed by more than 3 mm 
First reading 1 year after tlijTOidoctomy MeonHertelrcading, B 26 26, L 26 75inm 


5 months „ „ 

„ f , ^ J 3 ears „ „ 

„ „ 0 years „ „ 

Ophthalmic form, onset 1 year previouslv 
3 years „ 


B 21 26, L 20 6mm 
B 29 6 , L 30 0mm 
B 26 0, L 20 0mm 
B 21 6, L 21 76mm 
B 30 6, L 30 26mm 


Senal measurements of exophthalmos and elevation have been made 
on 12 patients in whom change was clearly occurnng , 4, Cases 7 and 16-18, 
had tho ophthalmic form of Graves’ disease, the remaining 8 also had goitre 
and hyperthyroidism Of the latter, 1, Case 11, with mild hyperthyroitom 
and shght eye signs remained untreated, hyperthyroidism subsi^ng 
spontaneously after 1 year, the other 7 were treated J 

soon after coming under observation ♦ Before operation, ocul ^ 

* Withm 2 weeks of the imtial readmgs given m Toble I unless otherwise stated m that tobi 
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TTcrc pronounced jn 6, Cases 10 and sliglit jn 2, Cases 8 and 9 All 
showed major trends afterwards Details of the readings arc given in 
Fig 2 and Table I 

Patients witli Graves’ disease do not usual!} come under close 
observation while the o^e is protruding, most present Inter, when 
exophthalmos is estabhshed and stationnrj' The 0 chosen to illustrate 



MONTHS AFTER FIRST OBSERVATION 

Fig 2 Case 7, ophthalmic fonn , Case 8 severe thvrotoxicosis inth slight oye signs treated 
hy thvpoidectomy one week after first measurement Dynamic phase of ocular 
ahowmg stages of mgravescence and remission The ojo movements m Case 8 are detafled 
m a previous paper (8) N'oto the strong correlation between exophthalmos and ophthalmo 
plegia dnnng mgravescence but marmram recovery of the latter precedes that of former 
Case 8 gamed weight while the eyes receded In Case 7 pregnancy supervened dunng 
remission (after 17 months observation) this may hat e been a factor m the terminal cam 
m weight and protrusion of right eye 
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TABLE I Senal readings of elevation and 


Coso Moosurement at 

No iirst obson ation 


Measurement at intervals 


1 2 3 4 B 6 7 8 9 10 11 12 13 U 



B 

30 

_ — 36 

Elevation 



_ — 36 6 

(degrees) 

L 

33 

Hertolreadmg 

B 

17 0 

_ — 18 76 

(mm ) 

L 

10 0 

_ — 18 0 


_ 36 6 _ _ 29 20 6 26 20 6 24 

_ 33 6 _ — 31 26 6 22 6 27 6 25 

— 18 26 — — 21 0 21 2621 6 2126216 

— 17 26 — — 180 18 7518 7618 7610 6 


Ele\ ation 

B 

30 


33 26 6 26 6 — 19 24 21 6 27 22 6 23 

26 6 215 

(degrees) 

L 

33 


_ 33 6 28 6 27 6 — 26 27 28 31 27 31 

316 30 

10 

Hertcl rendmg 

B 

23 6 

23 76 

_ 24 76 24 7625 0 — 20 26267627 27 6 27 26 26 7620 7828 

(mm ) 

L 

24 

24 76 

__ 24 26 23 76 23 76 - 23 6 23 76 23 7623 2623 2623 

23 'JO 


Elovotion 

(degrees) 


B 38 6 30 6 34 

L 39 6 38 34 


11 Hortel rending B 18 6 19 19 

L 18 6 19 19 


36 6 

31 

— 33 6 — 30 

34 6 

— 30 

30 

36 6 

27 

_ 30 — 30 

33 

— 29 

29 

19 

19 6 

__ 20 — 20 

19 76 

— 20 

20 26 

19 

19 6 

19 76 — 19 7620 

— 20 

20 

810 8 9 

— 88 — — 

810 

_ 813 9 0 


12 


Blo\ ation 

B 

33 

__ 28 6 29 6 31 6 

— 22 6 

(degrees) 

L 

30 

__ 26 30 6 29 6 

— 22 0 

Hortel rendmg 

B 

26 

_ 27 76 27 0 28 

— 28 76 

— 27 0 

(mm ) 

L 

24 26 

20 6 26 2627 


22 19 6 26 

20 6 24 24 

28 6 28 76 28 76 
27 27 26 76 


26 6 206 24 
24 5 22 22 
. 29 2629 7630 
. 27 7627 5 28 


13 


Elevation B 34 5 

(degrees) ^ g 

Hortel reading B 26 

(mm ) i 20 26 


20 6 20 6 216 
13 6 10 6 12 
20 76 27 27 6 

27 2627 2627 76 


__ — 12 

96 - 16 

— 13 

_ — 16 

17 6 — 20 

__ __ — 16 6 

— 28 

28 26 — 27 6 

__ __ —27 5 

__ — 20 75 

__ __ 20 7620 76 — 27 
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TABLE I Serial readings oj elevation and 


Case aieosurcmont at - Measurement at intervaU 


No 

first obsor\'ation 


1 2 3 4 6 6 

7 8 9 10 11 12 13 14 


Elo\ ation 

B 

0 

— 8 6 17 6 16 5 10 20 5 

— 215 32 

— 27 6 27 — 29 


(dogrcos) 







L 

18 6 

— 18 5 26 6 23 6 25 24 

— 27 36 

— 29 26 — 27 5 

14 

Hortol reading 
(mm ) 

B 

27 

— 26 6 26 2526 25 26 26 5 

— 26 6 26 76 

— 26 2624 25 — 24 


L 

24 6 

— 26 24 7624 7624 6 26 26 

— 24 6 24 26 

— 24 24 — 23 76 


Weight (stone. 



— 97 91310 4 — — 

— 10 0 101 

_ 913 — — — 


pounds) 


00 





Elo^ ntion 

B 

30 

— — 20 28 6 26 6 24 

— 22 6 24 

— 20 — — 26 


(degrees) 

L 

34 6 

— — 20 6 26 6 23 6 24 

— 21 26 

_ 19 6 _ —25 

IS 

Hortol rending 

B 

21 25 

— — 24 6 24 23 6 23 76 

— 26 24 75 

— 24 — — 23 26 


(mm ) 

L 

216 

_ — 23 5 23 7623 2623 76 

— 24 76 24 

— 23 26 — — 22 76 


Elo\ ation 

B 

75 

8 — 0 3 46 

96 9 — 

— — 18 5 18 6 10 6 


(degrees) 

L 

17 

_ 10 6 — 22 6 22 6 22 6 

26 22 — 

— — 23 6 27 22 6 

10 

Hortol reading 

B 

26 26 

— 27 6 — 27 26 28 27 6 

27 7627 — 

_ — 20 2626 6 27 


(mm ) 

L 

26 

— 20 6 — 26 7626 76 26 7626 2626 — 

_ — 26 6 26 2626 6 

■ 

Elevation 

B 

10 6 

— 28 6 

— 216 — 

19 6 — 20 24 19 


(degrees) 

L 

65 

_ — — — — 0 

— 0 — 

11 6 — 0 4 6 

17 



21 6 

23 76 

_ 21 6 

— 22 — 

22 26 — 21 7621 7621 5 


Hortol reading 
(mm ) 

B 

L 

26 76 — 26 76 — 

27 76 — 27 76 27 7527 


Elo\ ntion 

B 

10 

_ — 13 — 

_ — 0 — 

(degrees) 

L 

13 

_ — 4 — 

_ — 4 — 

18 

Hertol rending 
(mm ) 

B 

L 

23 76 

28 5 

„ — 20 5 — 

_ _ 28 76 — 

_ — 29 — 

_ _ 20 26 — 
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protntntnee of the vtt tn Gravfi' dtfttac 


afimrordf {month*) 

15 

16 17 

IS 

19 

20 

21 

41A 

23 

24 27 

26 27 

2? 



31 27 

26 5 

27 6 

... 

20 


_ 

27 — 

— — 

— 

— 

30 5 27 

2S5 

28 5 

— 

30 

— 

— 

27 — 

_ _ 

— 

— 

22 75 22 7 

523 25 

225 

_ 

23 

— 

— 

22 75 — 

_ _ 

— 

— 

23 2523 7 

523 7523 5 

— 

23 

— 

— 

22 75 — 

_ _ 

— 


— 10 0 

10 2 

10 0 


101 



10 0 — 

— 

— 


Rcmnrk* 


Rrmiltrnt phivw folIowM directlj 
on th>roidf^:foinv Gain in 
l>o<l\ vrcipht concomitnnt with 
rccc*"ion of cjm Rnni^xion of 
ophtliliunoplrpn rciMncIj moro 
rnpid thnn ttwt of cxophthnlmo^ 
Inttcr perhaps ma«kpd bv niitn 
tionnl incTOmcnt of orbital flihng 


Thyroidcctomj don« 2 rnonthi 
after flr<t ob'crvation Orbital 
ebanget ircll markixl then and 
progTO<w!d oftrrwnrd'i Remittent 
phnoe elcnrl} entered but ineom 
pletely obwned 


22 

— 20 

15 

15 

28 — 

— 30 

27 5 

27 

27 — 

— 25 6 

26 7527 

24 75 — 

— 24 5 

24 

24 


Ophthalmic typo first attending 
towards peak of mgravcsccnt 
stage bustaincd remission on 
left but changes on right becoming 
static at seven) level 


— 25 5 23 16 22 — 

— 5 5 6 3 — 

— 212520 76212520 76 — 

— 27 7526 7526 76 26 5 — 


Ophthalmic tvpc with conspicuous 
asymmetrv of exophthalmos and 
ophthalmoplegia >io clear 
mdication of remission after 10 
months and changes are probably 
permanent 


Ophthalmic tvpe Marked asvm 
metry of exophthalmos at first 
ottcndance with snbsccpient 
rapid, equal protrusion on nght 
side Ihgiavescent stage ev^dentlv 
not complete but nearlv so on 
left 
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this static phase (Fig 1) all had pronounced exophthalmos , 2 exemplified 
the purely ophthalmic type of Graves’ disease, the remaining 4 had been 
treated for hyperthyroidism in the past 

In order to sketch the natural history of the ocular changes we have 
grouped our material without regard to the presence or absence of 
h 3 rperth 5 nroidism Nothing has been observed to indicate that the data 
cannot be so grouped But clearly the assumption is made, which seems 
justified by the evidence (6, 8), that the same kind of eye change is occumng 
in different forms of Graves’ disease * 


Phases in ocular changes 

Static phase Fig 1 shows readings of exophthalmos m 6 typical patients 
observed for periods of approximately 2 years The values fluctuate 
irregularly within a range of 2 mm and in each case the data ^ “ot 
represent significant departure from a straight line of zero slope (3) This 
narrow range evidently includes errors of measurement as weU as natural 
fluctuations^ Thus the latter must he very shght and exophthalmos may 
be said to be static Tins is consistent with its dependence on a defimte, 

of eye changes In Case 8, sunermg j ftftprwards In both, the 
sbght before thyioidcotomy bat ° % i „f ajgravesoenre sod 

obir^'cd cycle apprescb« UOmg oobl 

reraWBion are daEhnguisbablc . the ^ the latter, frooi 

exophthalmos and ”^e‘Z^Z^nm AtttspeJrof 

eessattonofregraveteenre^Wb^hre^bth^^^ ^ 

the curves, the rate of change « protrusion BeimsBon B 

differentiate arbitrarily a stage o » P ^ 

nsnaUy <itrend at different 

. «n;rr • ■s”{.ri£ts?sri 




Ohanget tn exophthalmoa and ophthalmophgia in Omvta dxacaae 
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Extent and Rate of Ingravescence and Reimaaion 

Table 11 shows the extent of changes In patients observed 
from the beginnmg an average of 6 mm of proptosis developed 
with extreme values up to 8 26 mm * It is clear from Table I that 
exophthalmos may become static at its maximum level (Cases 10, R eye 
and 11, B eye) though this does not appear to be usual 

When recession does occur, its extent is systematically less than that of 
protrusion Thus, in general, m Graves’ disease the eyes do not return to 
their former position though recession may be sufBcaent to restore the 
appearance to normal f In *his connection, changes m hd retraction and 
the width of the palpebral fissure are important 

The rates of protrusion and recession are mdicated m Table I and Fig 2 
In general, they are gradual Progress was relatively rapid m Cases 7 and 8 
vet the cycle occupied over 2 years The most rapid rate of protrusion 
was approximately 1 mm per month (Case 8, right eye) It is usually much 
slouer (average of approximately 0 6 mm monthly) , in Case 9 protrusion 
of 0 26 mm monthly was mamtamed for 2i years The ultimate 
extent of exophthalmos appears not to be significantly correlated to ite rate 
of development Sometimes progress m stair-case feslnon is suggested by 
the distribution of plotted readings (Cases 9 and 10, Table I) 

Recession is systematically slower than protrusion , the ^ 

observcdTas shgh% less than 0 6 mm monthly In 3 eyes receding, on an 
average, by 4 26 mm the rate was 0 3 mm monthly 

Syld rS months or years ^ 

for 4 months but then it deyel P ^ Mpdicme m 1938 as " unilateral 
Chmcal Section of the Royal ^^^imne 

exophthalmic oplith^lmople^a, the 1 ^Uthe onset and when 

and elevation severely limi a j uiy nght eye protruded, also by 
the left eye had improved Thus one eye may 

6 6 mm and elevation reimttent stage before the other is 

pass the peak of its curve and f ^rtide as m Case 10, Table I 
affected or while the other ^ ^^eh asymmetry of eye signs 

Clearly there are several possible ways m 

may develop 

• In « tare«. “if™ 


m - . 

orbital tissues 
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Correlation between exophthalmos and ophthalmoplegia 

Dunng most of tlic mgravescent range there la practically a straight 
hne relationship between proptosis and pnmljsis of delation* Both 
may reach their maximum and minimum together, this strict concomitance 
being observed in two-thirds of cases But ophthalmoplegia niaj progress 
more rapidlj towards its maximum, reaching its peak and oven bcginiung 
to remit before the full dciclopmcnt of cxophtlialmos (Cases 7 and 9), 
conversely remission of exophthalmos maj begin before parnlisis is maximal 
(Case 10, left eye) ^laximum rccoicrv from ophthalmoplegia usuall} 
precedes that from proptosis 

In general, the ratio, loss of elevation to protrusion of eye, vanes mthin 
comparatively narrow hmits eien though the total extent of the changes 
differs indely Its value averaged approximatclj 4 C® per mm (range 
3 0® — 7 7® per mm ) in the eases with steadily progressne changes 

In individual cases, however, departures from this correlative behaviour 
maj be obsen ed early and late in the range Tlius soon after th\ roidcctomj 
ocular prominence maj increase bj 1-2 mm inthout decrease of elevation 
Again, towards its maximum, paraljsis of elevation maj suddcnlv become 
complete It maj even be impossible to hold the eje up to the central 
position This terminal acute paralysis of elevation shows as a distinct 
dip on the ophthalmoplegia chart (8) , it is not associated with corresponding 
exacerbation of proptosis Its advent is charoctcnzcd chmcally bj marked 
blinlong and watering of the eves and a pronounced fcchng of strain on 
attemptmg to look up The patient is only comfortable with the gaze 
moderately depressed Compensatory torticolhs in extension is present 
Two other phenomena occasionally associated with extreme overfilhng 
of the orbit, namely prolapse of conjunctiva and marked resistance to 
pressure back on the eyeball, may be examined bnefly 

Prolapse of conjunchia 

Conjunctiva prolapsed through the palpebral fissure m 2 out of 10 
cases with severe overfilling of the orbit (Cases 10 and 18) The process 
IS illustrated m Case 10, a woman, aged 59, who, before thyroidectomy, 
showed considerable, bilateral protrusion of the globe and hds Afterwards 
the nght eye continued to protrude while the left receded shghtly, Table I 
On the nght, the lateral fornix conjunctiva became heaped-up and 
increasingly redundant After 4 months it prolapsed through the palpebral 
fissure as a clear or greyish, glistening fold, preventmg accurate apposition 
of the hd margins on closure of the eye On the inner side, the lacnmal 
caruncle and adjacent conjunctiva protruded similarly Between the 
4th and I2th months, both folds enlarged and jomed below the hmbus 


♦ Scatter diagrams illustrating this and other pomts mentioned can be constructed from 
data m Table 1 and Fig 2. 
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When the lower hd was drawn down the conjoined folds persisted as a 
transverse ndge with a sharply-cut ledge where it rested on the hd margin 
The bulbar conjunctiva below this level appeared compressed between the 
globe and tightly stretched hd , the conjunctiva of the lower forms was 
crowded up by penbulbar fat which extended towards the bmbus With 
continued prolapse the folds became opaque, reddish and firm The supenor 
fornix conjunctiva remained clear throughout and was not redundant 
From the 12th month onwards resistance of the eye and conjunctival 
prolapse steadily decreased, the folds retreatmg towards their respective 
canthi By the 22nd month conjunctiva was no longer visible with the 
eye closed though the caruncle still protruded With the eye open a narrow 
fold could however be seen towards the lateral canthus On the left side 
the conjunctiva remained sensibly normal throughout 

Thus on the right, conjunctiva prolapsed m association with the 
ingravescent side of the peak of overfilhng and receded as tenseness of the 
hds and resistance to pressing on the eyeball decreased 


Resistance to pressing on the eyeball 

An increased resistance to hgbt pressure on the eye has often been 
noted in Gravds’ disease patients with severe exophthalmos The development 
of tlus resistance urns also observed very clearly in Case 10 , here the left 
eye, wluch fluctuated freely throughout, served as a standard of companson 
The nght eye became conspicuously firm at the height of m^avescence 
In Case 8 resistance also mcreased stnkmgly and became rayieldmg when 
proptosis was maximal In both cases, the palpebral fissme remained 
Sawow and the hds became exceedmgly full »nd tightly stretched 
Subsequently tenseness of the hds and resistance decreased conspic^usly, 
eqnpoiallv in Case 8 in which considerable ocular recession also occurred 
% IS cC from other cases in winch an equal absolute amount of 

dovelopsd -‘tout Sb 

of rosistunw is not precieely correlated to the o^nt ol orer 

Ms and palpebral ligaments and a j but lu unilatoral 

protrusion, combine to increase resis ance P distinctly greater on the 
Lraihug mthout tenso hds, re^tanee is .lle„ ths 

offeeted side suggesting that the pathelogioal piecess ais 

consistency of orbital tissues 

BrFEOT OE THVUOmMTOMY OH BHOPHIHAISSOS aim orHTHAUMOPUSOlA 

Observations were made on 39 ^M^Sreeu^hose with 

treated by thyreideetomy ^ ^ “ showed paralysis of elevation 


tto ii«»» 


* Standards of ophthalmoplegia 
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olimcal evidence of hyperthyroidism was completely eradicated hy operation , 
symptoms and signs of mild hypothyroidism supervened in 6 

The prominence of the eyes was measured before and at different 
stages dunng the year following thyroidectomy The range of elevation 
was similarly measured and taken as the cntenon of eye movements The 
increments or decrements m ocular prominence and elevation obtained m 
successive quarters were averaged , the values obtamed are given in Table 
ni The right and left eyes are considered together and given equal weight 


Ocular prominence The shght decrement for the immediate post- 
operative reading is not statistically significant but the subsequent 
increments all are * An asymptote to a smooth curve drawn through the 
increments at successive quarters hes roughly 1 0 mm above the pre-operative 
base hne , thus the average outcome of thyroidectomy is an mcrease in ocular 
prominence of 1 mm mostly occurring m the first 6 months after operation 

Not all patients were observed during each quarter and it is important 
to consider how much this may affect the result In the final quarter 90 
per cent were observed At this stage 5 patients (7 eyes) showed obvious 
increase m exophthalmos, a development likely to ensure att^dance , we 
may assume that it was not present in the 4 absentees t Thus there is 
probably a shght relative excess of patients with ingravescent exophthalmos 
kt tins can be allowed for roughly and the excess m 
estimated by including the 4 absentees using the readings obtained when 
they last attkded The theoretical mean mcrement th^ denved for the 
I hole ^oup IS given in Table HI , it shows only a shght (and statistically 
msigmficant) difference from the observed increment , , ^ . 

Tlie nroOTosis in individual cases is indicated by the distnbution 
moremonte foftl.0 two oyos (Me IV) Exeept f” 

and rapidly progressive ^ j,ean inorement tor tbs 

normal distribution about the mean , jg significantly 

34 patients without obvious increase m the increase m 

ta ton tot for to whole g««p 7J„X"tg to tot to 

to oooasional ease with ohvioas 

'“^"shght protrusion of 

. infrequently commented on by the patoeth ke fanuhar improvement 

cfanrlord errors 


t Tho difforoncos of tho moans from zero am 32, 
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TABLr U 

111 10)1 ojthe rffcrfmrnM and tnerement* in Ihf final quarter of the near foltoinnq thijrwdertomy 


Increment (-{-) — 2 0 — 1 0 0 -J-l 0 -{-2 0 -f-3 0 0 -{-{! 0 -{-0 0 

or to to to to to to to to to 

decrement ( — ) —1 2S 0 2*5 -^-0 75 75 -f-2 75 -^3 73 75 75 -MJ 75 

m mm 


Number of eves • 


26 21 C 3 2 0 


Mean merement = -t- 1 0 mm Bange — I 5 to G 73 mm 


* Total = C9 one ct c onl} mcoMircd m a patient \ntli ambi} opic di\ ergent aqumt 


TABLE V 


Prominence of the eye >n eonlrol* and thyrotoxic* 


Clmiral group 

Number of 
ob°cn ntions 
(ejes examined) 

Average gam 
in 

bo<l> xrcight 

A\ erogo interv nl 
from first 
meisurcment 

Average change 
m prominence 
of ejo 

■Miscellaneous, 
gairung 
weight * 

22 

19 6 m 16 0 lb 
(lowest gam 
= 101b) 

6 1 months 

•j-0 4 i 0-42mm. 

Simple goitre 
treated bv 
thj-Toidcctomy 

24 

1 5 i 4 0 lb 

S-0 months 

■— 0 1 i 0 35 mm 

Thyrotoxicosis 
treated by 
thyroidectomvt 

67 

14 8 i 7 7 lb 

7 9 months 

1X^1 35 tnnx 

Thyrotoxicosis 
treated with 
thiouracil} 

10 

120 i 7 41b 

3 25 months 

-}-0 73 i 56 mm 


* Neither the gam m weight nor the increment m ocular ptonuncnco m this group diiTers 
stgmficsntK from tho°e m the thyrotoxic senes (poO 1) 

t Observations on weight mdicatmg an average gam of 14 8 lb were made at on average 
mtenai of 7 9 months after thyroidcctomj therefore the merement for this quarter was 
taken for comparison 

J Wo are mdebted to Bntish Drug Houses for supphes of thiourocd 

(1, 2, 4, 6, 11) * The paradox thus obtains that there is generally cosmetic 
and subjective improvement m spite of slight further filling of the orbit 
with consequent protrusion of the globe and hds f 


• It is generell> stated that some improvement m exophthalmos also follows tbvtoidectom> 
but the only systematic effort previoaal} made to measure ocular prominence before and after 
wards appears to be that recorded by Soley (11) He concludes that prominence mcieoaes m 
over 50 per cent of patients and decreases m only a umiill percentage 

t In a sample of thyrotoxics. m whom tfaiouracil adequately controlled hyperthyroidism, 
the same ocular effect was obtamed namely improvement m hd retraction but shght farther 
protrusion of the globe and hds (Table V) 
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Bange of eleiaiton This shows a mean decrease of 2 4° m the final 
quaiter (Table IH) The decrement is small compared -with the average 
range of 36 2° in th 3 n’otoxicosis (8) Six patients showed major trends 
in the values (trend group), 6 worsenmg and 1 improvmg Simultaneously, 
identical trends occurred in their readmgs for exophthalmos 

Omitting this trend group the mean decrement m the final quarter is 
reduced to 1 0 4® This represents a true statistical difference between 

the measuioments before and after thyroidectomy but whether it has 
pathological significance, is doubtful* 

The behaviour of patients in the trend group may be mterpreted m 
relation to the natural cycle of eye changes It is clear from data m Table I 
that the whole or any part of the cycle may follow thyroidectomy 


Discussion 

Non-ihyrotd origin of exophthalmos and ophthalmoplegia In a random 
sample of thyrotoxicosis we show that there is httle average change m 
prominence and elevation of the eye after thyroidectomy In mividuals 
in whom exophthalmos and ophthalmoplegia were pronounced before 
operation there is further progress or remission afterwards, according to 
tho point of the cycle reached The observations suggest that these pheno- 
mena are not produced or even potentiated by excess th^oid hormcne 
In tho ophthntoo form, the oonool agent is olenrly wme 
ima nroBumohlv tho some Bubstence » responsible for exophthoImoB and 
:;hthrop£ » Mly developed Grevee' diBeaee ^r he v^^ 
behaviour of individual eases after operation sugge^ that ito toton 
anSlty of action are not much afieeted by elnmbating hsperthynudiiau 

BA diatigef >» orbUal hmm m ^7“’ ^e buttrf oS 

(7, 0) that the position of the globe mth its 

tissues Tho present eurvos of ^ development of 

resulting from a true groirth ^ ™^nal and probably depends 

the ““X'’™nmal ratfof merease of enophthahnos 

on a similar mecharasm The g r *v.g order in all cases and 

as indieatod by the when over-^ 

■a-s^i^^irprai: Ts 

may indeed beco me static at its maximum _ 

♦ p IS loss than 0 01 No ^ 

to dovolop during and consequently 1^® ^ 8 ggyrement of smeU 
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The post-thjToidectomy increment of oculfir prominence, 1 0 mm , 
corresponds to a mean increase of 0 7 c c in bulk of orbital tissues (7) The 
increment is not characteristic of th^TOldoctonl^ , qua tin roidcctomj , for 
it does not occur after operations for simple goitre (Table V) , nor do these 
patients gam weight after operation Rcco\cry from wasting ma\ lie the 
relevant factor It is known that emaciation from sundry causes is 
associated with decrease of orbital tissue and recession of the c\c (7) 
Recoverv of weight is accompanied bj ocular protrusion (Table V), and 
thvrovine tlicrap} in the experimental animal causes wasting of orbital 
tissues (10) 

It has been shown that in Grn\C3’ ophthalmopatln , the correlation 
between decrease of elevation and proptosis is usually close and averages 
about 4 o® per mm The low post-opcntivc ratio for decrement of elevation 
to increment of prominence, 1 5® to 1 mm in the non-trend group, would 
suggest that after thyroidcctoraj a diiTcrcnt factor is at work It seems 
probable that part at least of the post-operative increment is due simply 
to recovery from wastmg 

It is clear that exophthalmos and increase in bulk of orbital tissues in 
thyrotoxicosis arc gcncrallj' associated with loss of body weight , this is 
exemphfied in Case 11, Table I The reverse phenomenon, recession of the 
eye and decrcose m orbital tissue associated with gam in body weight, is 
shown m Case 8, Fig 2 and Case 14, Table I Also, m the ophthalmic form, 
the bulk of orbital tissue may mcrcase bj some 20 per cent while the body 
weight remains practically constant (Case 7, Fig 2) We may conclude 
that m Graves’ disease, non-thyroid hormone exerts a disproportionate 
mfluence on the bulk of the orbital tissues and that tins can far outweigh 
the local nutntional effect of hvperthyroidism or its elimination 

SiraDIABV OF CO>CLUSIONS 

1 Dynamic and static phases occur in the natural lustoiy of 
exophthalmos and related eye signs in Graves’ disease The former, 
charactenzed by stages of mgravescence and remission, precedes the latter 

2 The average extent of exophthalmos in different forms of Graves’ 
disease is approximately 2-5 mm Its rate of development averages about 
0 5 mm monthly Paralysis of elevation usually develops concomitantly, 
4®-6® being lost for each 1 mm protrusion Remission of both exophthalmos 
and ophthalmoplegia is systematically slower and less complete than 
mgravescence Maximum recovery from ophthalmoplegia precedes that 
from proptosis 

3 The curves of development and remission of exophthalmos are 
consistent with them dependence on growth changes m orbital tissues These 
appear to be produced by some non-thyroid hormone which exerts a dis- 
proportionate effect on orbital tissues 
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4 In patients with thjrrotoncosis the prominence and range of 
elevation of the eye show httle average change after thyroidectomy There 
IS further shght protrusion of the eye probably due to recovery from wastmg 
which suggests that thyroid intoxication may to a shght extent combat 
the enlargement of orbital tissues caused by non-thyroid hormone 
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THROMBOSIS OF THE FEMORAL ^IRTERY MITH 
JiyOHiEMOGLOBIXURIA AlTD LOW SERUJI POTASSIUM 
CONCEIsTRATION 

By E G L BWATERS* and J K STEAD 
{Dcparlmcnt of Medicine, British Postgraduate Medical School ) 


Renal damage following bunal beneath debns in air raids is dne to ischismic 
muscle necrosis, and is associated \nth the passage of mj ohremoglobin in 
the nnne (11) It has occurred with soft compression for penods of two 
hours (9) as well as with the more violent crush associated with fallen 
masonry (10) Cases have been recognised where a similar condition follows 
rapture, spasm or obstruction of a main hmb artery, as the result of traffic 
and other civil accidents (6, 20, 21, 3G, 48 and unpublished data) In such 
cases muscle necrosis is seen onlj in two of these cases, however, has 
myofasemoglobm been identified in the unno Other cases showed acid 
hiematm, which might be denved from either h'emoglobin or mj ohamoglobin 
It seemed possible that a similar lesion might be found following non- 
traumatic occlusion of artenes supplying muscle Such a case is recorded 
here m the hope that it will stimulate interest in the more general aspects 
of these pnmanly local problems 

Case history 

A woman aged 63, with uneventful previous history, had noticed some 
recent diarrhcea and loss of weight , three weeks before entry she bad had a 
shght cough and cold Two days before admission she felt a cramphke pam 
m the nght leg on gettmg out of bed , the pam has been continuous smee 
The leg became cold, blue and numb, but she was able to walk on it for the 
remamder of that day, after which she took to her bed Examination 
showed a wasted woman, contused and rambhng m her statements, and 
mcontment of unne andimees, temperature 100°F, pulse 104/mm , respiration 
20/mm There was loss of skin elasticity the tongue was dry and &suied 


* Worloog for the Medical Research Council 

M 0 ore grateful to Professor Dible and Dr Domach for aUomng tia to use their pathological 
descriptions, to Professor Gtcj Tumor and 3Ir FianUin who had auigical care of the case, and 
to Dr E 3 King in whose department some of the biochemical estimations were made 
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The hver was not IE.’ E S ““S? ® ^ »“ Hg 

pnJo, cold and slightly oyanotio nn to S ^ 

tendon roiieios n-ore absSEd no !>“*«“*. «■» 

Hunter’s canal tL teft L st„ ° J '>'’ “ 

(by .crnomcter 

t:tuZ 

y ® groin Unne on this and succeeding days was sbffJitlv uini 

gave a positive benzidine reaction, although it contained no^red cS 
No spectral bands could be seen until the protein was concentelrby 
Snf '"^f J concentrated unne showed clearly the bands of myohjemo- 

globm at 681 m u , s^mg to 678 m u on the addition of carbon monoxide 
Xlie unne was acid (pH 5 6), contained albumin (90 mg per 100 c c ) and 
e\cessne creatine (Fig 1) Over a penod of 22 hours, 1 3 mg potassium 
and 23 mg chloride (as HaCl) were excreted per hour Blood taken on this 
day shoued blood urea. 123 mg per 100 cc, serum protem 61 g per 
100 c c , plasma inorganic phospliorus 6 mg per 100 c c , and a low potassium, 
6 7 mg per 100 o c (2 estimations in dupbcate) By the fifth day after 
onset, the hue of demarcation had spread up to 6 cm below Poupart’s 
ligament the hmb was packed in ice Plasma morgamc phosphorus 
4 9 mg per 100 c c , serum protein 6 5 g per 100 c c After consultation 
mth Professor Grey-Turner and Blr Frankhn, it was decided to delay 
amputation until her general condition improved After two days’ loe 
treatment, she was much more rational and less confused Her appetite 
improved and blood urea fell Unne, after the eighth day, gave no benzidme 
reaction An electrocardiogiam on the eighth day showed multiple ectopic 
foci mth paroxysms of ouricular tachycardia the normal beats showed 
right axis shift with depression of the S-T segment in leads 2 and 3, and 
almost flat T v aves in lead 1 On the tenth day the blood urea had fallen 
further and the serum potassium risen shghtly , plasma sodium was decreased 
to 288 mg per 100 c c , plasma protein 6 7 g per 100 c c , plasma chloride 
(as NaCl) 614 rag per 100 c o , plasma COg combimng power 63 volumes 
per 100 0 c Her pulse was only occasionally irregular Chest X-ray 
showed a largo shadow in the left posterior mediastinum On the twelfth 
day a bedsore had developed, the right heel was showing signs of 
mummification Between the eighth and twelfth days inclusive, 2 33 mg 
potassium were being excreted per hour , clilonde (as NaCl) on mnth, tenth 
and twelfth days at 16, 30 and 22 mg per hom respectively Thirteenth 
day , plasma protem 6 6 g per 100 c c , plasma chlonde (as NaCl) 610 mg 
per 100 0 0 , plasma CO3 combimng power 65 volumes per 100 c c , serum 
sodium 310 mg per 100 c c the blood urea had fallen and the potassim 


iiBon 
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farther (Fig 1) The hne of demarcation had not shifted 
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fourteenth day Professor Grey-Tnmer performed a drsarticnlation through 
the hip jomt under spinal aniesthesia All exposed veins and artenes 
except the obturator trere thrombosed The muscles attached to the xhac 
crest contracted on stimulation only m their uppermost cm below this 
was a palhd zone, and again below this the muscle was finable and necrotic 
and showed many petechial haemorrhages Contraction was seen on cutting 




the adductor group lower down (supphed by the obturator artery) Shght 
oozing of dark blood occurred firom the ihac bone when sawn across 

On incismg the femoral artery of the amputated leg a recent antemortem 
thrombus was seen extending distally for 15 cm , and adherent to the walls 
of the vessel Below this, for a further IS cm was an older, shghtly paler 
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clot, densely adherent, its lower end pro}ecting into the lumen of one of the 
small arteries supplying the Imee joint Below this, the lumen of the artery 
was free jfrom blood, except for two clots lying free, the heads consisting 
of pale platelets, the tails of darker and more stringy clot issmng from a 
tributary The veins were thrombosed only in the upper portion of the 
hmb The muscles were necrotic in most of their extent, showing many 
dark petechial hasmorrhages on a pale ground, and were unduly friable 
There were some areas of normal muscle at the top of the amputated hmb 


(about 4 cm ) , between this and the necrotic part was an area of palhd 
muscle without hmmorrhage about 2 6 cm wide 

Microscopically, the vessels showed adherent thrombosis with normal 
vessel w'alls Muscle showed necrosis with reactive changes in the palhd 
boundary zone similar to that seen in crushmg injury Biochemical analysis 
of the muscle is given m Table I 

Though neghgible blood loss occurred, 560 c c of blood was given durmg 
operation and 800 c c of 5% glucose sahne m the followmg 3 hours blext 
day, the pulse was strong, but blood pressure measured only 85/60 mm Hg 

Blood urea was shghtly increased again 

On the 16th day, the pulse was strong, occasional dropped heat, B P 
90/60 mm Hg No visible venous distension or pulsation m neck at 45® 
650 c c of rocalcified citrated plasma (Clegg and Bible (14)) was given with 
no increase in blood pressure despite a rise m venous pressure to 6 cm m 
tho nook voitB at 45”, foUing to tho proooding le^ m trw honn 
Heomoglobin, 11 2 g poi 100 o o Wore, feU to 0 8 g i»r ° * A 
oftor Wusion, M.ng to 10 1 g pot 100 o o sovon hoots ate tet ^ 
it was 9 3 C per 100 c c and two days later 10 4 g per 100 c o 

oo ro nor nun =24potoont of normal Potsssram ototohon, 

as laCl) 78 mg pot hoot on tho -8“ tt^P-teS 

tho nott font days, te Br^ 

flap became gangrenous, and although the B 

min Hg , 8ho became drowsy day. 

in the leg Blood urea was still 100 cc plasma 

50 mg per 100 c c , and serum potassium low, U mg p ^ ^ 

chloifdc (as NaCl) 600 mg per 100 c c J 9 0) and contained 

The mine had been alkahne since the six^h day (pH 7 4 i 

between 20 and 50 mg protein per 100 cc of superficial 

Autopsy tlnue hours aftei death ZTacrum The lower 

sepsis at the opeiation site ^ adherent, due to occlusion of its 

lobe of the loft lung was f to this, the bronchial 

bronchus by a the lung parenchyma appeared 

branches weie distended by P^ , gx ],y numerous masave 

gangrenous The hvet ^g^eys ^ 

"dT82o" . ‘>»n capsules stopped easdy, leatmg a 
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stirface The cortex showed an indistinct pattern of half its normal 
thickness the mednlla appeared normal The spleen (170 g ) pulp was 
difTlnent The nght common ihac artery and vein were filled with ante- 
mortem blood-clot The left femoral artery was empty and the npper 
10 cm of the left femoral vem was occluded by antemortem clot No other 
significant abnormahty was found 

Microscopical exammation confirmed the diagnosis of bronchial 
carcmoma 

The kidneys showed well-developed arteno-sclerotic ischsmic changes 
The arcuate vessels showed thickening and multiphcation of their elastic 
laminse and the cortex showed radial areas of atrophy cortespondmg to the 
mterlobular artenal distnbntion The mterlobular vessels showed similar 
changes The distribution of these changes was uneven, some areas being 
much more affected than others and the superficial parts of the cortex more 
altered than the deep Although a few of the changes m certam nephrons 
might be the late results of crushing injury renal lesion, the widespread 
arteriolar ischsemia made it impossible to satisfy oneself that this was really 
their cause 

The adrenal glands showed no abnormahty apart firom a diminution 
m cortical hpoid 


Discussion 

General effects of muscle tschcemia 8mce techmeal developments have 
allowed surgeons to remove clots successfully from arteries, many cases of 
artenal embolism have been published While attention has been focussed 
mainly on the local condition, it is evident that there may be general 
manifestations 

Thus, for instance, death occurs in the majonty of cases treated without 
operation, m 116 out of 123 cases of aortic embolism (19, 29, 43 and 44), 
and m 24 out of 27 cases of penpheral hmb vessel embolism (32) Cases 
treated by embolectomy are more frequently published, especially if they 
recover , nevertheless, Nystrom m 1936 (39) showed that while recovery 
occurred m 86 cases after embolectomy and m 69 cases after amputation, 
227 cases died after operation Smee then, others (1, 4, 7, 22, 28, 30, 31, 
32, 33, 34 and 38) have published 24 cases which died after embolectomy 
and 19 after amputation , 43 cases recovered after embolectomy and 13 
recovered after amputation 

Pearse (40) reviewmg 282 cases of embolectomy showed that while 
function recovered m 40 per cent of those whose emfooh were removed m 
the first ten hours, only 14 per cent of those operated on between ten and 
twenty hours, and only 8 per cent of those operated on between twentv 
and thirty hours, recovered the use of then hmb 75 per cent of those who 
did not recover the good use of their hmb died Thus patients seen late, 
m u hom embolectomy will probably be unsuccessful and who now die, form 
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a veiy large group While some of these deaths were due to further emboh 
affeoltog organs such as brain, intestines or kidneys, many seem related only 
to limb isohssmia and resultant gangrene No observations relevant to the 
meohamsm of death in such cases have been recorded Albummuna, 
haematuria and uraemia have been occasionally observed, and were then 
usually attributed to renal infarction While this has often proved to be 
correct at postmortem, another possible cause exists It has been shown 
that when a limb is crushed for some hours, for example by fallen masonry, 
the muscle becomes necrotic and the hmb itself shows anaesthesia, paralysis 
and skin erythema or blisters , Volkmann’s contracture may develop on 
recovery All these have been recorded after arterial embolism (22) A 
comparison of these two types of limb ischaemia might reveal the medianism 
whereby necrosis of large amounte of muscle produces death, and thus 
facilitate effective treatment in the two conditions , , ,.v 

Hitherto only one case of artenal embohsm has been studied m we 
hght of information gamed m crushing mjury We are indebted to Dr 
Guthkelch for further details of a case he has already bnefly descnbed (23) 

A female aged 64, with auncular fibrillation for many years, devdoped 
omboliBm of the nglit fomord ortory Twol™ hours Ute ft dot 
from the profunda artery, but the superfiolftl femoral artery was M rf d 
and in spLm The odventltin was stopped, but gangrene developed mt^ 
demrS”uno ,ust below the toee ,omt The umo outpu Wte ^ 
emaU after the operation, averaging 250 o c per day 
L then imeame meontment Bie bl^^ 
on the second day, and despite potassium oitra , g ^ 

then two-hourly „„ the fourteenth day On the 

and to a maximum of 328 mg ^ intravenous dnp was set up 

seventeenth day Len This brought the blood urea 

and over the next four days 01 j j _ Qn the thirtieth day, 

to 40 mg per 100 oe X'lS'^shtLd suddenly tweaty-four 
amputation was performed m the thigh ana sue 

hours later, no autopsy bemg obtamea ^ 

In experimental oruslimg mjury ^ aanterms the bloodstream from 
leaving the bloodstream and amount of ^ne 

the damaged area, were ^ ^ rather wider limits for 

damaged (12) The same seems to be gpjjjion 

cruslung injury m man (9) ^ of mdustnal, traffic and air-raid 

(personal oommumoation) ^as related not only to the ammm 

trauma, tho degree of general ^ damaged In the owe under 

of blood lost but to damaged was large (one leg -- 

consideration here the ° . -gneral effects were 
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limb swelling, and no sign of plasma loss the amonnt of pigment put ont 
in the Tintift -while nnder observation was very small, and there was only 
moderate nse in blood nrea, such as conld be explamed by increased 
katabobsm -with a pre-existmg mild ischromic kidney lesion \5Tietber any 
farther renal damage occurred after the thrombosis is not known The 
reason for the shghtness of this general reaction is that the uptake of 
substances from the damaged area depends on the extent and rate of re- 
estabhshment of the circulation In experimental hmb ischsenua, due to 
tight bmding, and in most air-raid casualties, the circulation is re-established 
to the ischtemic area -within an hour of release, leadmg to swelhng of the 
hmb and the appearance of muscle products in the urme 

In the present case re-estabhshment of the circulation was confined to 
the narrow boundary zone between h-vmg and dead muscle Moreover, 
thrombosis advanced up the hmb, thus abohsbing the circulation through 
areas m which it was being re-estabhshed The muscle analysis in Table I 


TABLE I 
Muscle analysis 


Mcscioe: 

Uatcr 

; g /loog 

vet wt 

potassium 

1 mg/lOOg 
wet wt 

XaCl 

1 mg/lOOg 
wet wt 

1 

Pigment 
mg /lOOg 
wet wt 

Position of 
band • 
m.n. 

Left sartonua 
po^mortem 
(normal) 

79 2 

270 

1 

138 

— 

1 

Right quaclncepa 
abo^c knee 
(amputation 
totally necrotic) 

79 1 

140 

347 

1390 

578 1 

Palo portion of 

Tight quadriceps 
(boundar> zone) 

m 

m 

467 

667 

578 1 


•Hb = 578 0 
M}oHb 5810 


shows that only in the boundary zone had the intracellular electrolytes 
been replaced to any great extent by cblonde tissue obtained from the more 
penpheral parts of the hmb, although completely dead, had lost only about 
half its potassium content The analysis shows that the blanched area 
contamed an amount of pigment which is normal for muscle , this pigment, 
however, appeared to be haemoglobm spectroscopically, and is accounted 
for by the thrombosis and diapedesis seen microscopically In the more 
penpheral muscle sample, the amount of pigment is more than double the 
usual amount, measured by the alkaline hromatm method , spectroscopically 
this too showed the bands of hsemoglobm 
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Serum poiaastum concentraiton It mav i j i. 
figures that something hke 2 to ^ calculated from the above 

quantities were put out m the urme about I o- ^ unwards only very small 
Dunng this time the patient 

t.me. therefore, ehe^moeTCrbeen i 

Exeept towerde the onTZL ^ 

^asaum level ™ found to be. to atart with, about S“lurd^ tta n^Z 

ir'of 

Excessive storage of potassium occurs clmically in famihal ufir,nd,r> 
paralysis (^, where it is associated with weakness and decreased /output 
in urme No relation to muscle isohmmia has been found except m a case 
of Buerger 8 disease in a male aged 25 with creatmuna and absent artenal 
pulse in the nght leg (46) It is also seen after the administration of 
testosterone propnonate (8) and after glucose and insulm (27), m the latter 
case accompamed by decreased urmary output, a fall m serum phosphate 
and an mcrease of phosphate m the muscles The patient’s very low unne 
potassium output, despite adequate intake, is m favour of storage It is 
not thought, houever, that the cause was one of the three just mentioned, 
but that storage followed and was secondary to a primary excessive loss 
Excessive potassium is lost after desoxycorticosteroue (18) this 
results in deficient renal tubular resorption of potassium, the resultant fail 
in serum level being prevented by nephrectomy Excessive potassium 
loss may be duo to primary loss of base, as in sprue with diarrhcea and low 
serum calcium and phosphorus (26), and in chrome renal damage (6) even 
when there is httle mtrogen retention, the base deficit being asenbed then 
to failure of tho ammoma mechanism in the damaged tubules Excessive 
loss of potassium is found also associated with other conditions such as 


gnstromtestinal obstruction and vomitmg (3,17), where loss of water and 
electrolyte leads to increased plasma bicarbonate it is associated with 
increased plasma bicarbonate in Cushmg’s syndrome (36, 49, 50) and other 
conditions (unpubhsbed data) In conditions with excessive loss m the 
urine, the tissue K concentration has been found low (18), and a test dose of 
potassium is almost entirely retained (4:9) Urmary loss of potassium, but 
not usually to such a degree that will produce low serum levels, occurs in 
dehydration alone without pzimary base loss (10) This loss is m excess of 
that due to protein katabohsm, and is accompamed by loss of cell water, 

and an “ outlying ” acidosis (46) j i. j i, j 

The patient under discussion had renal impairment and had hau 
diarrhma There w'as no chloride or phosphate deficiency and no alkaloas, 
but tho serum potassium and sodium levels were low The most probaWe 
explanation is that excessive amounts of potassium had been lost, together 
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■with celltilar "water firom dehydration (diarrhoea and dinresis from renal 
damage) and base loss from preceding acidosis with failure of the ammoma 
mechanism dunng rehydration there was retention of potcissinm by the 
cells at the expense of the body flmd level, and retention of both chloride 
and potassium by the body, leading to low urme output of both substances 
Support to this theory is given by the muscle analysis the potassium 
concentration m undamaged muscle was lower than usual, 2 7 g /kg wet 
weight agamst 3 3 g [kg (average of thirteen human pectoral samples ranging 
from 3 1 to 3 5 g /kg (37)) Part of this reduction is accounted for by 
oedema, smce the chloride space (extracellular water) is 256 c c /kg instead 
of the more usual 164 c c /kg (15) However, potassium stall tends to be 
low calculated as concentration m mtracellular water, 128 m eq/1 * compared 
with a normal of 138 m eqfl (calculated from data of llangun and Myers (37) 
on human traffic accident deaths, assuming 150 c c /kg extracellular water), 
or 143 m eq /I in the monkey (24) 

The multiple ectopic foci and the low voltage T waves shown m the 
electrocardiogram can be ascribed to the low potassium level (13) An 
unexplamed observation was the low blood pressure nmnfiuenced by 
mcreasmg venous pressure and venous return No observations on the possible 
effect of neoplastic tissue on potassium metabolism have been found on record 

StnniAET 

(1) Myohsemoglobm was found m the urme following thrombosis of the 
femoral artery m a woman with carcmoma of the bronchus The muscle 
m the affected hmb showed macroscopically, microscopically and biochemic- 
ally a picture very similar to that seen foUowmg crushmg mjury 

(2) The blood urea, high imtially, remamed above normal throughout, 
but the kidney was the seat of severe ischiemic change 

(3) Potassium concentration was greatly reduced m the serum and 
in the urme, and shghtly m the cells of undamaged muscle It is suggested 
that the low serum potassium was due to base depletion and dehydration 
consequent on precedmg diarrhcea and renal damage 

APPENDIX 

The fotlotctng hochemical methods teen used — 

Lrea (blood and urme) blood sugar serum protein, potasaiam (Eennn, tttme and nrascle}, sertnn 
sodium plasma inorganic phosphorus , King, Hasleirood. Delory and Beall, Lancet, 1942, 
i, 207 

Plasma chlonde Kmg Hoslewood and Delory, Imicet 1937, i, 8S6 

Plasma CO, combinmg power Van Slrke and Cullen, J BioL Chem,, 1917, 30 347 

Unne protem King and Hoslewood, Lancet, 1936 u, 1153 

Lnnem\ohi!moglobm Bmg and Baker, J Biol Chern,, 1931 82,589, Buur, J BioL Chem- 
1932 95 3S I 

Urme cieatmme and creatme , Polm. 3 Biol Cbem , 1914, 17 469 

■Muscle pigment alkalme hxmatm method of Clegg and Kmi, Bnt 'Med J„ 1942, 2, 329 
"Muscle and urme chlonde Van SIvko, Sendrov et at J Biof Chem^ 1923, 58, 523 

• This has been calculated br the method of Hastings and Eichclberger (25) with a Gibbs 
Donnon ratio of 0 96 and a 1 per cent eohd m ultra fildate Xo correction was made for fat, 
collagen or blood 
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THE NATURE OE THE CERCDLATORY CHANGES IN 
BURN SHOCK * 


By SrYRON PRINZjMETAL and H C BEEGHAN 

{From the Research Laboratory, Cedars of Lebanon Hospital, and the 
University of Southern California Medical School ) 

It has been shown (3, 8, 9) that there is considerable local flmd loss following 
hums, and it is thought that this local fluid loss is largely responsible for 
the state of shock following bums This explanation is not always adequate 
(6) for it has been shown recently that bum shock can occur with insignificant 
local fluid loss (19) The degree of local fluid loss in burned rats was deter- 
mined by companng the weights of the burned and the control side It 
was found that a 10 second bum at 65“C of one hind hmb caused considerable 
local ffidema but shock did not occur Bummg a limb at 100 “C to 150 °C 
for 15 seconds to two minutes produced no visible oedema, yet the ammals 
died. The amount of measurable local fluid loss was considerably less m 
ammals burned by this method than in the shghtly burned animals which 
did not develop shock Furthermore, it was observed that in animals with 
the more severe bums, those that had recovered had more oedema than 
those that died It was, therefore, apparent that the state of shock following 
the more severe bum was not due to local flmd loss, but most have been due 
to some other factor, presumably either a nervous or humoral change It 
IS the purpose of this paper to identify this factor m the production of bum 
shock not due to local flmd loss 

Experiment I 

The role of the nervous system 

If nervous impulses from the burned area to the biam, or from the 
brain to the burned area contnbute to the shock state, then it should follow 
that ammals with severed spmal cords should have no or less shock than 
control ammals The espenment was performed as follows A transverse 
incision about 2 cm long was made on the back of etherized rats at the 
level of the lowest nb The ammals were dorsi-flexed and the cords crushed 
by small bone crushing forceps Little bleeding occurs if the large ventral 

• \idrd b\ cnints from th" Beaumont Trust Fund F Bnce "Ueivsrs Tom Mor'on Slat 
nnd Mrs 3 Prt>» min W o \nsYt to thank Oscar Hcrt»T PhS)^ and l>r R Strau £3 for their help 
in the 1st and 0th ctpenmenU respectivelv 
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there rromplSe^para W ^ recovery from the anasthesia. 

using theirfrontevLmt^^I i i by 

si 

— ^r=s5rwVr,.Trs:2E« 

f shock with insigmficant local hiud loss It was found (Fig 5 

that there was no difference in survival tune or mortahty m the denmvated 
as compared with the control senes 


EFFECT Of SBCTIOHIUG TOE SPINAL COM OH BUHM SHOCK. 



Pig 1 Effect of Mvonng the spinal chord on bum shook Twenty four hours after operation, 
mte wore scalded over lower one half of body at 100*0 for 16 aoo Denervation has no 
effect on either mortality or survival tune 


This expenment demonstrates that the nervous system is not directly 
impheated in the pathogenesis of this type of bum shook , but it does not 
rule out a humoral factor affeotmg the central nervous system with secondary 
systemic changes Espenments designed to test this possibihty will be 
presented later (Eiqpenment IX) 

Since we have already ruled out the role of local ffuid loss, it follows 
that the shook state must he due to a humoral change resultmg from the 
hum This type of shook will be termed " toao ” This term is not meant 
to imply that a new suhstanoe has been formed , it is possible that it may be 
a quantitative ohemioal change which produces the toao effect i or 

OTCTOBes of mnVBmence. the term ^o«k ooDbeoMd 

to desonhe the shook following considerable local flmd loss 
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Expenmeni II 

Bleeding tolume in burn shocL 

It was observed that the appearance of animals with extravasative 
and toxic bum shock was similar , both groups havmg cold skm, increasing 
asthema, and dying m a smular manner Smce it is now generally beheved 
that the eflPective circulating blood volume is reduced m shock, we thought it 
would be of interest to compare the bleeding volumes of the two groups of 
shocked animals 

Thirty-five normal animals were anaesthetised with ether, a longitudinal 
incision was made on the abdomen and a 20 gauge needle inserted into the 
abdominal aorta A synnge conta inin g a small amount of dry bepann 
was attached to the needle and the blood withdrawn until the animal was 



Fig 2 Bleeding \oluinc following bums which lead either to toxic (A) or extravasative (B) 
bum shock Group lA both hind legs scaled at 100°C for 45 sec^ bled 24 hr later 
Group 2A both hind legs plus groin scalded at 100°C for 2 mm bled 3 to S hr later 

Group IB scalded to head at CO'C for 10 sec., bled 24 hr later Group 2B scalded to 
head at 65°C for 10 sec bled 24 hr later Group 3B scalded to head at 70’C for 10 «ec 
bled 3 to 3 hr later Group 4B scalded to head at 75'C for 10 sec., bled 3 to 5 hr later 
The dots rcprc«ent single rats and the large circles the group aierage This figure demon 
stmtes that the bleedmg \olumc is reduced m both ti-pes of bum shock and that the 
reduction is proportionate to the degree of trauma 


dead The volume of spilled blood was measured by sponging the pentoneal 
cavitj tnth cotton and the amount of this blood was detenmned by weighing 
the cotton before and after the absorption of blood. In eomputing the 
bleeding volume, the value for the spilled blood was added to that obtamed 
in the synnge, which was also determined by weight The bleeding usually 
lasted from 2 to 4 mmutes It was found that the bleedmg volume of normal 
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ethenzed rats was fairly constant, being 4 3 ± 0 4% of the body weight * 
Similar values have been obtained in dogs (10) 

Dg 2 illustrates the changes in bleeding volume occumng in different 
degrees of toxic and extrasavative bum shock Two degrees of bums of 
both hinbs producing toxic shock were used, 100®C for 45 sec (lA), and 
100*C for 2 to 3 nun (2A) The bleedmg volume of Group lA was 
determined 24 hours after the bum and Group 2A, 3 to 6 hours after the 
burn Tlurty-mne aminals with burns of greater duration {2A) had bleeding 
volumes averaging 1 9 d; 0 7% of the body weight Twenty-eight rats 
with less severe bums (lA) had bleeding volumes of 3 2 i 0 7% The 



Fig 3 


of blooding ^ olumo to time after scalding follovntvg trauma oi voriou. 
Cun 0 A ialdod up to head at 70"C for 10 see Cun e B scali^ 
a,rf;rb«ly^"o”0 0«n«0 


details of tlio construction of tins cuno ha>e been represent 

» a gmdual increase m bleeding lolume as 

the onimnl recovers 

bleeding votomes m the extiaTasative l^ipe the head lor 

I 3 end 4B (Rg 2) m winch “ 

10 see In Group IB, the overage g ^ scalded 

g0«C was 3 6 ± 0 6% of 70»fl . 2 0 ± « <%• 
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and in Group 43. 10 rats scalded at 15°C , 1 8 ± 0 4% This experiment 
clearly demonstrates that there "was a reduction in the bleeding volume in 
both types of bum shock, and that the reduction m both types is proportionate 
to the degree of trauma Harkins has also observed a reduction m bleeding 
volume m bum shock (10) 

Experiments \rere performed to determine whether there is any 
correlation between the bleedmg volume and degree of shock EoHowing 
severe bums, as the degree of shock becomes greater, this reduction of 
bleeding volume becomes progressively more pronounced (Eig 3) Following 
a shght bum, after the imtial reduction, there was a progressive mcrease m 
bleedmg volume durmg recovery (Fig 3) 

It would seem that the deleterious state of the shocked animal can be 
accounted for, in part at least, by the loss of effective circulating blood, 
smce the loss is considerable V^atever the cause of this loss may be, 
flmd replacement therapy should prove heneficial in both types of bum 
shock 


Experiment III 

Differences tn hcemo-concenfration 

The reduction of effective circulating blood m extravasative bum shock 
can be explained by the local loss of plasma, thus accounting for the high 
hsemoglobm and hssmatocnt determinations so often found m burned 
subjects In the following experiment we have found this explanation 
hol^ only m the extravasative type of bum shock The hsemoglobin 
(Sahh scale) detemunations of 29 normal animals averaged 63 (40 to 80)% 
Hsemoglobm determinations of 19 animals, 2 hours after a bum at 65°C for 
10 sec up to the head, averaged 73 (45 to 97)% In 28 animals the 
hsemoglobm was determined before and after scalding up to the head at 
75‘’C for 10 sec , and it was found that the average mcrease was 20 (0 to 50)% 
(Fig 4, IB) The hsemo-concentration m this type of bum is only 
temporary , m 24 hours the hemoglobins of similarly burned ammals have 
returned to normal levels (Fig 4, 2B) This would seem to be due, m part, 
to the withdrawal of fluid from the tissues into the blood stream, restormg 
the decreased blood volume It is unlikely that this late dilution of the 
blood comes from re-absorption of the oedema, for m 24 hours no reabsorption 
has taken place (Fig 3, Curve C) This dilution was not exogenous smce^ 
no food or water was allowed after the bums 

The hind legs of twenty ammals were burned at 100°C for 2 min , a 
type of bum producing toxic shock In stnkmg contrast to the htemo- 
concentration found in extravasative shock, there was only a shght mcrease 
in hiemoglobm at the end of 3 to 4 hours (Fig 4, lA), and m 24 hours there 
was actually a decrease (Fig 4, 2A) Anaemia has been previously described 
24 hours following bums (22) This reduction m hsemoglobm m the last 
10 to 15 hours of the 24 hour period would seem to be due, in part, to the 
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same factor described above, i e , transfer of fimd from the tissues mm the 
blood stream 

The statement, so often made, that the degree of shook can be measrued 
by the degree of haemo-oonoentration is not always correct, for as we have 
shown, in tome burns, hsemo-concentration may never occur and the animal 
usually dies with a reduced hsemoglobin value There is also no correlation 
between the bleeding volume and the degree of h»mo-conoentration These 
experiments offer an explanation for the difierences of opimon legardmg the 
presence of hmmo-concentration and hffimo-dilution after bums Both 
occur, but at different times and under different circumstances The 
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Fib 4 Poreontago ohoDgo m blood hiemogl^m in tOMO O 3 to 4 hr later , Group 2A 

® GroupirboThlundlogsecaldedatlOO’C ^ jmn . ^ Wood^^t* 

both hmd logs ecaldod ot 100*0 for 45 sot . ^ to head at OO'C 

hood at 76*0 for 10 soo . dnal Wood 3 to 6 ^ ^ ^ ^ eirdea the 

for 10 BOO . tool blood 24 hr later dot^*J^ St 
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factor^f local fluid loss would app^r to ^ ^ .^ijese considerations 
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or no bamio-oonoentration (1) 
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Experiment IV 

Increased blood content of mscera in burned animals 

The important problem of where the blood goes m tone shock 
immediately anses It is clear that in tone bnm shook both red cells and 
plasma are lost from the effective crrcnlation, smee there is little or no 
heemo- concentration We have previonsly shown that there is btfle local 
flmd loss m this type of bum ( 19) 

It has long been known that the viscera may have a congested 
appearance in shock, although some have demed that this occurs (23) 
In this senes of expenments, we were impressed with the congested 
appearance of the viscera But it was fdt that quantitative studies must 
be performed before final conclusions could be drawn In attempting to 
solve this problem, vanous organs were weighed and the amount of blood 
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Fig 5 Wcicbt and h$mog\obm contenU of fadneys in bnm shock alter exsancnmation 
Group A scalded to head at 70’C for 10 sec Group B both hmd legs scalded ut 100 C 
for 2 mm The dots represent the weights of both kidnevs per 100 g of bodv weight and 
the large circles the n\ crage kidney weight of the group The square^ represent percentage 
increase m hsmoglobm content of 6 to 10 kidnevs compared with an equal number of normal 
kidnots as a standard The figures withm the squares are the eipenment number See 
Fig 6 


in each was estimated after exsangmnation as desenbed in Experiment II 
Fifteen normal rats, 15 rats scalded up to the head at 70'C for 10 sec 
(extra vasative shock), and 14 rats scalded up over both hmd extremities at 
100 ®C for 2 min (toxic shock) were exsangumated 5 hours after the bnm 
The kidnevs and hvers were then removed and weighed- Each organ was 
then out transversely by a standardised method and 6 to 10 kidney sections 
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tom each group rmre put m 50 c c o£ dmtilled mter end 4 to 6 hver mot,™, 
tom each group wore put m 100 c c of dioMled trate ■ae uJrt 2^,?^ 

cupemotant duida tom the 3 Lnea 
colotmeta^ny • Mouung the ertmobou ,nth mter. the 

h,i»T.™l°l.'^°?* '’“raed ammale were very pale, mdioatmg that 

hiemoglobm had been mamly removed It was found (lig 5 and 0) that 

h + senes of burned animals were not abnormal 

from the out surfaces of the organs of the ammals m extravasative and 
to3ac shook was considerably higher than that of the control organs (Rg 
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Fig 0 Weight and hosmoglobm content of liver m bum ebook after exsangomation Groups 
A and B some os m Fig 5 The dots represent the weight of suigle hvers per 100 g of body 
weight and the largo circles the average liver weight of the group The squares represent 
porcontago increase in hiemoglobin content of livers of shocked animals compared with an 
equal number of normal Iimra as a standard The figures within the squares are the 
experimont number In this figure and Fig 6 a marked mcreaae occurs m volume of 
blood m the kidneys and liver of shocked animals Yet, due to dehydration, there is httlo 
change m organ weights 


5 and 6, A and B) The increased blood content of the organs of the burned 
animals must have been due to vasodilatation of oeitam vessels But smoe 
the weight of the organs was not increased, the extra blood retamed must 
have been balanced by dehydration It is to be remembered that these 
ftTHTnalH were exsangmnated after 6 hours, allowing time for dehydration 
of the tissues 


• Tho details of, and errors inherent m, this method will bo presented elsewhere The 
estimation is only seim-quantitative 
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Experiment F 

The importance of exsangmnahon 

If a lat IS killed mth ether and sufficient time to allow coagulation of 
the blood is permitted before the organs are removed, it is found that the 
organs of shocked ammals appear similar to, or shghtly more congested 
than, the organs of non-shocked rats 

The difference between the gross appearance of the organs of shocked 
and non-shocked ammals becomes manifest if the animals are killed by 
exsangmnation, when certain organs of the non-shocked ammals become 
very pale, whereas the same organs of the shocked ammals remam unchanged 
or pale only shghtly The kidney shows this difference well (Fig 7) The 
importance of exsangumation before examinmg the tissues m shock does 
not appear to have heen previously considered, and this fact may explam 
the failure fully to appreciate the vascular factor in shock For, if the 
ammals are not exsanguinated, the appearance of the organs may not be 
particularly distmctive 

It IS evident that even following this stimulation of hsemoirhage, the 
blood vessels m certam oigans of shocked ammals do not constrict, but 
contain large quantities of blood with resulting loss from the effective 
circulation 


Experiment Y1 
The capniarv lesion 

The foUowing experiment was performed to find out which vessels 
retain the blood m the viscera of shocked animals, and the degree of this 
retention 

Evtravasative and toxic shock were produced as previously described 
After 5 hours, the ammals were exsanguinated from the abdominal aorta , 
normal ammals were exsangumated in the same manner Thick shces of 
vanous organs were dropped into 10% formahn After 2 days, sections 
were made through the centre of each shce and the tissues stamed with 
hsematoxyhn and eosin * This procedure allows minimal loss of red blood cells 
in the fibmtive The sections were examined by Dr B. Strauss who did not 
know whether any particular shde was from a normal or a burned aruTnal 
In IS out of 20 tissues from normal animals, the exammer stated that the 
tissues contamed minimal amounts of blood In 24 out of 27 bum cases, 
he descnbed congestion, and an increase in the number, of capillaries 
It was thought that the venules were also dilated, but it was difficffit to be 
sure because of the frequency with which the cells were washed out of the 


• 2 to ? drop^ of Etronp ammoma -wator trere added to the second 95®o alcohol dehvdiating 
medium 2 to 3 drop< of glacial acetic acid u ere added to the eosm solution. This causes more 
vi\nd «taming of the red blood cells 
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which the bleeding Tolume is reduced in shock If the heart is concerned 
in its own venons return and the blood vessels play only a passive role, 
then it should follow that the bleeding volumes of ammals without hearts 
would be greatly reduced If, on the other hand, the blood vessels 
themselves propel the blood to the chest, then the removal of the heart 
^ould have httle or no effect on the bleeding volume In order to determine 
which of these factors is concerned with the venous return, the following 
experiment was performed in normal rats under ether ansesthesia 

The thorax was opened by cutting through the sternum with large 
scissors The heart was lifted up by its apex and all the lai^e vessels were 
severed The volume of blood collected in the thorax from the open vessels 
was measured by weight after absorption on cotton 

The bleedmg volumes of 10 normal rats exsangumated by removing 
the heart averaged 4 1 ± 0 3% of the body weight as compared to 4 3 ± 
0 4% for 35 normal rats bled from the abdominal aorta Of 24 rats in toxic 
bum shock, the average bleeding volume following removal of the heart was 
2 5% of the body weight 

These results demonstrate that the venous return durmg exsanguination 
IB not due to the gradient produced by the contractile power of the heart 
It would appear to be mainly due to the contractile power of the blood 
vessels themselves for the blood contmues to flow mto the chest from the 
severed vena cavse for some time after the heart is removed and the amount 
of blood which can be recovered by this method is essentially the same as 
that recovered from the aort® of ammals with mtact hearts In shock, 
on the other hand, this contractile power of the blood vessels is dimmished 
BO that during exsanguination the blood remains in the capillaries causmg 
the reduction m the effective circulation 

This experiment, like others to be reported elsewhere (18), does not support 
Henderson’s theory of the failure of the veno-capillary system m shock, 
smce he postulates that the failure of the venous return is primarily due to 
loss of muscle tone (13) We have shown that retention of the blood occurs 
in organs not surrounded by stnated muscle such as the kidney and hver, 
and in these organs at least, the retention of the blood must be due to a 
disturbance m the capillanes themselves 


Expmment VIII 

Capillary alony, the primary disturbance 

The suggestion has been made that although there is congestion of the 
viscera in shock, this may be terminal and due to anoxia (17) In the 
preceding experiments, congestion of the viscera was found early m shock, 
after 5 hours in expenments where many of the ammals could have been 
expected to hve four times as long In order to rule out completely anoxia 
as the cause of visceral congestion, the following expenment was performed. 
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If congestjon occure m the firat fe-w minutes following trauma, it is 
obviously not due to anoxia 'Three groups of 6 rate were severely burned 
up to the head for 20 sec at 100®C This is an extremely severe hum , 
the animals rapidly go into shock followed by deatii within 12 mm (average 
10 rats) No visible oedema occurs 1, 2 and 6 min after the bum the 
animals were exeangmnated by removing the heart, and the bleedmg volumes 
were determined The red blood cell content of Ibe kidneys was deterauned 
colonmetrically and sections were made of the organs The visoexa appeared 
grossly congested m all three groups of animals This was especially 
noticeable in the lungs, kidneys, liver, and intestines There was a con- 
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observed This is especially noticeable in the kidney which can be seen 
becoming laiger and engorged Proof that these visceral changes are 
actually occurring is offered in Experiment IX 

Experiment Vi 1 1 demonstrates clearly that the visceral congestion in 
shock IS not terminal nor due to anoxia, for it happens qmckly after the 
bum The capillary atony, therefore, must be the primary disturbance 

It has been suggested that the visceral congestion observed following 
severe bums may be caused by over-heating the organs themselves as a 
direct result of burning It was found necessary to control this point since 
we observed the mtrapentoneal temperatures to nse as high as 110°E 
following this severe type of bum Following the less severe lypes of bums 
described in this paper, h 3 rperpyrexia in the viscera did not occur 

The following observations show that visceral hyperpyrexia is not the 
cause of the congestion which occurs after severe bums Forty c c of 
sahne at 111°F were injected into the peritoneal cavity of several normal 
rats The salme was allowed to remain for four mmutes, after which the 
animals were exsanguinated. It was observed that the kidneys were 
normally pale as they are in non-shocked ammals The same expenment 
was performed except that the sahne was injected at 134°F At the end 
of four mmutes the mtrapentoneal temperature was 111 2®F The animals 
were then exsangmnated and it was observed that the kidneys were pale 
Thus, visceral temperatures much hotter than those following a bum of 
100°C for 30 sec do not cause the capillary atony observed m the 
expenment 

In order to obtam more information on this subject, it was felt important 
to produce shock from a very severe bum without visceral hyperpyrexia 
By mjectmg a cool, inert hqmd intiapentoneally, a relatively low temperature 
m this region can be mamtamed durmg and after a severe bum If under 
these circumstances the viscera still are congested, it would offer further 
evidence that the visceral congestion is a direct result of the shock state 
and not of hyperpyrexia 

This expenment was done in the following manner Forty c c of inmeral 
oil at 71 6°F were injected mtrapentoneally mto a 200 gram rat The 
ammal was burned at 100 °C for 30 sec up to the head At the end of four 
mmutes, the mtrapentoneal temperature was 100 8‘‘F The ammal was 
exsangumated and it was found that the kidneys were dark and congested 
and contained more than a normal amount of haemoglobm by extraction 
This expenment was repeated 4 times with the same results The visceral 
congestion was not due to the direct effect of the mmeral oil because it was 
found that the mtrapentoneal mjection of mmeral oil without bummg did 
not produce any visceral congestion 
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The humoral agerd acts penphercdly 

animals Tins experiment nrowr? i-h f non-denervated 

>mpBl8es gowg to t).e boom from b *" 

uns Immoral m ongm The poss.bihty remomed boweter thot Vl. 
mreulatog Immoral agent could act throu^ theSral llet 

stote tile folI^™'”° tfliether this poseibiLty was reeponBible lor the ehook 
State, the followng experiment was performed 

Under etjier anaisthesia, through a lumbar incision, the nght kidnev 
was removed and the wound sutured The ammal was then severely burned 

produced immediate profound 
Shock Two to three mm after the bum, the left kidney was removed 
It V as found that the ladney removed before the animal was burned became 
pale and small and tlie cortex became wrinkled because the blood vessels 
contracted and discliarged blood from tlie organ The kidney which was 
connected with the sj^stemio circulation for 2 to 3 nun following the bum 
was considerably larger and more congested than its control and remained 
enlarged and congested after discharging vaiying amounts of blood Thus, 
it 18 clear that the vessels contained in a normal kidney, after it is removed 
from the body and thus from its connections with the central nervous system, 
contract and empty themselves of blood, whereas, this abihty is largely 
lost in tlie shocked ladney wluoh remains engorged imder the same 
circumstances Tims, the humoral agent prevents to a large extent, the 
contraction of the blood vessels in the shocked ludney Since tlus defect 
IS present when tlie kidney has been removed from the body end is thus 
unconnected with the central nervous system, it follows that the humoral 
agent must act locally, and independently of the central nervous system 
Fig 9 demonstrates the differences in appearance in normal and shocked 
ludneys removed from the same ammal 

In tlus experiment, each ammal supphed both the control and the 
shocked kidney By knowing the difference in weight between the two 
organs, the amount of blood which was trapped in the shocked kidney was 
determined This experiment was performed 10 times and it was found that 
a shocked ladney can trap an average of 0 11 db 0 09 c o of blood This 
IS a large amount of blood and if all the tissues retained an equivalent 
amount, it can bo estimated that at least 100% of the circulatmg blood 
volume would be lost from effective circulation Thus the retention in the 
kidneys must be greater than m other tissues These measurements of the 
largo amounts of blood which can be trapped m the organs demonstrate m a 
clear manner that the capillary atony is a direct cause of the reduction m 
the bleeding volume 
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By G W PICKERDTG and P H SANDERSON 
{From the Medical Glinic, St Mary’s Hospital, London ) 


The importance of so-called tobacco angma bes not in its frequency, for it 
IS rare, but in the behef, to vrluch its description has given rise, that tobacco 
may constnot the coronary artenes thus adversely afiectmg the heart 
In this paper we present three cases m which smokmg would favour or 
precipitate attacks of angina pectoris, and observations on one of them to 
elucidate the part played by tobacco 

A summary of past wntmg reveals that true angma of effort occnrnng 
in heavy smokers and stopped by abstauung from tobacco has been described 
rarely Allbutt (2) mentioned a medical man who smoked too many 
cigarettes and espenenced a constnctmg pam across the middle of the chest 
on waUong up a hill , if he stopped the pam passed off The tobacco was 
discarded and with it the pam departed Fiessmger’s (8) third patient had 
retrosternal pain on walkmg, which disappeared when he gave up smokmg 
but returned when he took it up agam White and Sharber (27) encountered 
3 such cases, one with bundle branch block, and 2 with no other evidence of 
heart disease Other oases of angma of effort have been described m which 
the attacks could be produced by smoking Gallavardm (9) mentions 2 such 
cases , in the first, one pipe after his evemng meal would certainly brmg on 
an attack Ralh and Opiienheimer (23) refer briefly to six patients " beyond 
middle age and predisposed to angma pectons m whom the attacks could be 
provoked very promptly by smoking a cigarette”, the pam caused by 
smoking was reheved by mtroglycerm and not by a placebo Such cases 
are probably similar to these here reported , but the descnptions are 
disturbingly bnef In addition 3 cases have been descnbed by Fiessmger (8) 
' and 1 by Qendenmg (6) m which smokmg produced an attack descnbed as 
anginal and m which the patient died after a penod varymg from a few 
minutes to 48 hours No evidence is available as to whether death was 
due to cardiac arhythmia, or to coronary thrombosis, if mdeed it was due 
to either 

But many of the cases reported as tobacco angina have httle resemblance 
to angina of effort Two of Gallavardin’s (10) cases, Lian’s (18) two cases. 


Our thanks are due to Dr K. Cross for ihtroducuig us to Case 2 and to the patient for 
his own report of Cose 3 
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smokers and cease to occur ^eavy 

hasbeeng^venup Oneof 

gnpping left sided thoracic pain radiaing down the left am t 
fingOT , the attacks of pain occurred at test and were preceded bv vrrhi^ 
or abdominal discomfort and feebleness of the legs He had been^a 
smoker smce the age of 17, but when the attacks began he gave up smokintf 

^ly The attacks remained frequent for a fortmgbt, then giaduS 
^mimshed, and feaUy ceased about a year after the first attack ^umg 
the year in which he expenenced the attacks he noticednopam or breathless- 
n^ on walkmg Between the ages of 26 and 40 he had several bnef attacks 
of paroxysmal tachycardia When finally seen at the age of 47, the heart 
was normal to physical and radiological examination 

The later occurrence in this patient of bnef attacks of paro^mal 
tachycardia raises the question as to whether the anginal attacks in this 
and similar patients could have been due to a disturbed rhythm of the 
heart For as is evident from Bnstowe’s (4) desonption, and as Barnes and 
Wilhus (3) and others have emphasised, anginal pain may occur in paroxysmal 
tachycardia and, as Mackenzie (19) showed, m other forms of abnormal rapid 
heart action Some cases present features which support this view Thus 
both Gallavardm’s (10) patients had cerebral disturbances, even loss of 
oonsmousnesB in the first One of Huohard’s (13) patients, a soldier aged 48 
and a heavy smoker had attacks of a painful oppression in the chest radiating 
to both arms and the left httle finger , these attacks occurred on walkmg 
too quickly and at mght and were often preceded and announced by violent 
palpitations , the attacks ceased 15 months after stoppmg smokmg and the 
administration of potassium iodide As Barnes and Wilhus (3) pomted 
out it IS often very difficult to identify attacks of paroxysmal iachycardia 
unless the attacks are witnessed , thmr case 6 was admtted to hospital 
four times for attacks of preoordial pain and it was only when, on the last 
occasion, she was seen in an attack that the nature of the condition became 
evident. Of all the recorded cases of tobacco angina we have found only 
one in which an attack was witne^ed , this was Allbutt’s (2) first case in 
which the patient, a strong man of middle life, wnthed in distress in an 
attack lastmg some three or four minutes “ To note the behaviour of the 
heart during the height of the seizure was impossible , but as it declined the 
action was rapid and irregular Moreover in the tranquil intervals more or 
less arhythmia contmued, an arhythmia having the common characters of 
tobacco heart ” That tobacco may cause a disturbance of cardiac rhythm 
was clearly Allbutt’s view and is that of most wnters to-day Yet there is 
httle evidence pubhshed in support , Cowan and Bitchie (7) mention a 
lawyer aged 46 m whom smoking a single cigarette would mduce extrasystoies 
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Nor do animal experiments help mnch to provide a clear cut answer Clerc 
and Pezzi (6), investigating the action of mcotme on the hearts of 
ansethetized dogs, encountered a variety of disturbances of rhythm, moludmg 
auricular fibrillation and nodal rhythm , but they specifically stated that 
extrasystoles were not common, and that paroxysmal tachycardia of a 
ventricular origin occurred only in the later stages of the drug’s action 
On the evidence available it is clearly impossible to assign a mechamsm to 
this group of cases of so-called tobacco angma, m many of which indeed it is 
uncertain on the one hand whether the pain was of cardiac ongm and on 
the other whether the occurrence of the attacks m smokers was more than a 
chance coincidence It is our purpose merely to indicate that they are 
climcally distmct from the condition dealt with in this paper and to pomt 
out that their nature remains obscure 

Case Reports 

Case 1 J J , a clerk, aged 53 years, of German Jewish ongm, first 
expenenoed, about six months previously, a pressing cramp-like pam just 
to the left of the lower half of the sternum, on wallnng to his office m the 
morning The pam got so bad that he had to stop and rest, the pain 
disappearmg in about a mmute, after which he was able to complete his 
journey He subsequently had pam under the same circumstances each 
mormng, and also noticed it when walkmg for similar distances, or upstairs 
The pam was not associated with nausea, chokmg, or other sensations , 
it never radiated into the arms or neck , it never occurred when he was 
completely at rest On several occasions he has noticed that a few pufEs 
of a cigarette have brought on an attack of pam identical with that 
experienced on walkmg , this has rarely been with the first but usually with 
about the third cigarette of the day These attacks have nearly all occurred 
in his office where his work is of a responsible nature He admits that on 
many of these occasions he has been more or less agitated by some problem 
connected with his work, and on some of these he has been pacmg up and 
down his office Only on one occasion has pam come on m his office when 
he was not smoking This was five weeks ago, when after considerable 
excitement there was an attack of pam which lasted J hour and m which 
he felt he nught lose consciousness , after the attack he felt nothmg abnormal 
He has smoked between 5 and 10 cigarettes daily for years One month ago, 
being convinced that smokmg was brmgmg on the pam he gave it up Smce 
then the amount of exercise which mdnced the pam has not changed 

He has been healthy until the present illness His father had 
hj’pertension and arteno-sclerosis, and died aged 73 His mother died of 
hemiplegia, aged 78 

The patient was a small man, a httle fat, with qmck rather abrupt 
movements He was mtelhgent, co-operative and accurate m his statements 
He presented no clmical or radiological evidence of enlargement of the heart 
and no signs of cardiac failure The heart sounds were normal as was the 
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fundus oculi The lungs were normal to physical and ladbiologioal examina- 
tion The unne contained no protein or sugar. The blood haamoglobin 
was 90 % (Haldane scale) and the Wasserman reaction negative Extrasystoles 
were frequent at first, disappearing after exercise lie electrocardiogram 
showed left axis deviation in hmb leads, with a biphasic T wave in lead I , 
lead CF 4 showed an inverted T wave and a biphasic QBS complex An 
experimental investigation of this case is described later 

Case 2 A H B , a commermal traveller, aged 63 years, led an athletic 
hfe, playing championship lawn temus till 6 years ago, and playmg 3 long 
sets 3 3 reaTS ago He was a very large man, 5ft llin tall, weighmg 14| 
stone 18 months ago he noticed a dull ache about the middle of Ihe chest 
when on route marches with the il^me Guard At first he bore it, but later 
had to give up marching Since then he has developed pain after 
progressively less exercise until just before adnussion he was unable to walk 
more tlian 100 yards When tiie pain comes he has to stand still until it 
passes off, which it does in about 2 minutes This pain is felt m an area 
about the size of a hand in the mid-stemal region and is aocompamed by a 
pecuhar soreness in tlie left wrist which has caused him to change his wnst 
watch to the nght side , it is not accompamed by breathlessness or palpita- 
tions He IS much more susceptible to pain just after a meal Tlius a few 
months ago, he could walk 2 miles without pain if he went out at noon , but 
at 2 o’clock, shortly after lunch, pain would come on after walking 600 yards 
Two or three times recently he has had the usual pain very dightly when at 
rest after a large fatty meal External temperature does not affect the 
exercise he can take He smoked 2 oz of pipe tobacco a week until 4 ywrs 
ago when he changed to cigarettes of which he smokes 16 a day, inhahng 
the smoke Smokmg has never brought on the pain at rest and he never 
smokes while walking, but the pain is much more hable to come with exerw^ 
,f be has smoked just before Thus be frequently takes his ^ ^ 
cinema in the afternoon If he has a hght lunch and does not smoke^ it, 
he can walk to the cinema without pain , if he does not smoke ^e 

performance he can walk back without pain , 
cigarettes in the cinema he always has pwn on ^e 

The day before admission while emptying a bucket, he ha i? 

athTrf pL ahghay to tte loft 

‘THod otter B 

and lasted ^4 , infarction, namely pyrexia 

to 101 4* lasting 7 days, a leuc:^8iB of on the 

cells, and a raised sedimentafaon rate the ^infarct the heart was 

Haine scale 

m/«6. The oime ehorred no abnormaht.ee 
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Case 3 The third patient, a medical man noir aged 64, has cardiac 
symptoms which, undoubtedly, m his view, are aggravated by tobacco 
He was a fairly heavy cigarette smoker in a busy operatmg and teaching 
position In an attempt to hmit smoking he made it a rule not to smoke 
until the evemng about 5 to 6 p m He was smo king fairly contmually 
from then untd midmght He had his first defimte anginal attack in 1931 
at the age of 61 This came on after a heavy operating list at hospital, 
followed by a lecture, then sudden exertion following an irritating 
circumstance He got a sharp attack of sub-stemal pam that radiated mto 
his left arm and rmg finger It was specially severe m his left forearm. 
Since that date any untoward exertion, especially walking fast on a hill, 
would provoke a remmder, though not so severe as on the first occasion 
In the summer of 1939 when on hohday and smokmg more than usual the 
pain was frequent and annoying and one day it was especially persistent 
After this date, August 1939, he stopped tobacco completely , the mcidence of 
pam gradually dimimshed and after a few months he could take rather more 
exercise with impumty and m fact for three years was practically free He 
has had some more pam lately m spite of not smokmg but this may be due 
to overwork owmg to war conditions and to mcreasmg age TTis pressure 
IS normal, there are no heart changes and his urme is free from albnnim 
X-ray of his chest shows a shght broadenmg of his aortic arch and left sided 
hypertrophy, but not excessive 

On three occasions smce he gave up tobacco he has attempted to smoke 
and each tune the pam has returned On the first occasion he was dmmg 
with some colleagues and had some wme All bis friends were smoking and 
he joined them He had smoked about half of the cigarette when he got 
qmte a defimte attack He had not had any pam for some weeks, was not 
thinking of the possibihty of it and is qmte certam it was not psychological 
The other two occasions were somewhat similar and m each case the pam 
manifested itself before the cigarette was fimshed The pam is always the 
same, sub-stemal radiatmg mto the left arm and rmg and httle fingers and 
IS identical to the pain he gets after over exertion 

Obsenahons on the production of anginal pain 

In the foUowmg experimental analysis of the effect of smokmg on the 
production of angmal pam m Case 1, the procedure mtroduced by Wayne 
and Laplace (26) has been followed closely The observations were made in a 
a arm qmet room on 6 separate mormngs, between 10 a m and 12 30 p m , 
the patient having been seated for 20 mm before the experimental period 
began 

Exercise Tlie relationship to exercise was typical of angina of effort 
On 14 occasions, after at least 20 mm rest, the patient walked up and down 
a 2 step staircase similar to that desenbed by Wayne and Laplace (26) imtil 
the pam began, when he at once sat down, and readmgs of blood pressure 
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MINUTES 

Fig 1 Shou'8 the oflbct of ovcrciso m producing pnm and the accompanying changes m blood 
pressure and pulse rate In this and subsequent figures the squares and solid Ime represent 
B;ystohc blood pressure, the sohd circles and solid Ime diastolic blood pressure, m mm Hg , 
and the open circles and interrupted hne pulse rate m beats per mm 
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and pnlse rate -srere resmned The nnmber of efforts* requiired to produce 
pam was remarkably constant, varying from 42, at a rate of 1 effort in 3 9 sec , 
to52,atarateofle£Eortin4 Iseo Aftersittmg down, pain gradually lessened, 
disappeanng after between 50 and 70 sec in 12 of the 14 experiments, and 
40 and 90 sec in the remaimng 2 The first reading of pnlse rate was 
between 136 and 164 in 10 of the 14 exgpenments, rather slower or faster m 
the remamder The first reading of artenal pressure always showed a rise 
of the sjstohc value, but the diastohc pressure was rarely above the restmg 
level These changes in pulse and blood pressure gradually returned to 
normal (Fig 1, 3 and 4) 



30 n 3 « 36 38 «0 62 44 

MINUTES 


Fift 3 Pam was Snt produced by excrcL'e 1 nunute after pam had disappeared the patient 
itarteil rmokinc Blood prc'^rc and pul>e rate ro~e rapidlr and the pam reappeared 
Note the n>c of pubie rate ludamed for mmute* to 120 per nunute or over 



Smoling at rest On two occasions after the patient had been at rest 
for at least 20 mm , smoking a cigarette failed to produce pam The pulse 
rose to 104 and 112 , and, in contrast to its response to exercise, the diastohc 
pressure as u ell as the systohe rose (Fig 2) Although the patient said he 


• One effort heru refera to one accent and descent of the staircase 
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™ to do BO m a obBo^fom 

t 

S^hng before and during exerctse Inamediatelv after smnlnr,,, « 
cigarette, the effects just described, the patient walked over the stairlse 

^ “““ ^7 ®®° ’ another occasion 2 min 

after 66 efforts in 4 nun 10 sec Not only was the exercise tolerate 
unimpaired by such smoking, but the duration of pam (76 and 60 sec ), and the 
changes in the pulse rate and blood pressure were essentially to those 
seen after exercise alone 



Fig 4 Pom vran produced by oxoroiso 1 minute 20 secs after pam hod disappeared the 
patient began to exorciao agam The exorcise tolerance was reduced to half the nonnal, 
mdicating mcomplete recovery of the heart musole 

Smoking after the disappearance of pain The first successful induction 
of anginal pain by sraolang in this patient is illustrated by Rg 3, where a 
cigarette tvas begun one minute after the pain induced by effort had 
disappeared That tlie heart musole had not fully recovered from the 
effects of exercise when smoking was begun is shown in Fig 4, which reoonk 
an observation made on the same day as that of Fig 3, and in which a second 
penod of exercise was begun 1 minute 20 sec after the disappearance of the 
pam induced by effort , the number of efforts reqmred to initiate pain was 
reduced to 24 4 subsequent attempts to induce pain by smoking in m 

manner'illustrated by Fig 3 were unsuccessful, but in all these unsneoess u 



ANGINA AND TOBACCO 


283 


observations the nse of poise rate \ras smaller and less sostamed Thos 
in !Fig 3 the pulse rate rose to 134 and remained at 120 or over for 2| mm , 
in the 4 unsoccessfol observations, the pulse only rose above 120 m 2 and 
then for only 20 sec at most 

The. eJfeU of atropine It bad now become abundantly clear that m 
this patient smokmg would only produce angmal pam if cei^m conditions 
were satisfied One of these seemed to be exceedmg a certam level of heart 
rate We therefore repeated the observataons after mtravenous mjection 
of 1 3 mg atropme sulphate, which Wayne and Laplace (26) found to reduce 



Fie 5 Shows the production of pam by <oaokme after exercise in the atropinised patient 
Between the 67th and 7fith nunnte alternation of the poise was observed the lower systolic 
level IS mdicated bi the sohd squares and mtemipted hne 

the exercise tolerance and prolong the subseq^uent pain m 4 patients with 
angina of effort On the two occasions when it was employed, this dose of 
atropme raised the heart rate m the restmg patient from 72 and 70, to 120 
and 116 respectively after 30 mm After such changes in heart rate had 
occurred, smoking a cigarette, while still at rest, on 2 occasions failed to 
produce pam, though the pulse rate rose to 132 and 136, and the blood 
pressure to 130/96 and 138/84 Twice from rest the atropimsed patient 
walked 44 and 62 times over the steps before pam was mduced , the pam 
lasted 90 and ISO sec after sittmg down Our patient thus differed from 
Wayne and Laplace s patients m not showing a reduction in exercise tolerance 
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following atropine injection, but he resembled their patients m the 
prolongation of the subsequent anginal pain On both of these occasionB 
the patient began smoking 20 and 26 sec after the pain mduoed by exercise 
had disappeared , in both the pain reappeared during smoking, to fade after 
the cigarette was fimshed The pain remduced by smokmg lasted 40 and 
190 sec and the pulse rate rose to 144 and 148 respectively In one of these 
observations (!E^g 5) alternation of the pulse was shown by the sphygmomano- 
meter a nunute after smoking began and over a mmute before pain reappeared 
Because of this no further tests were made 

Commemt It is clear from these observations that smoking was no more 
than a minor factor in the production of pain in this patient It would 
only produce anginal pain, first if it produced a sufficient acceleration of the 
pulse and second if the heart were in the non-restmg state, as exemphfied 
by the period immediately following the end of pain induced by effort, 
in which period, as Wayne and Graybiel (26) have shown, exercise tolerance 
IS reduced In this hght must be viewed the patient’s statement that 
smoking would induce the pam For it was clear on questiomng him ihat 
it was chiefly when he was womed or excited that this effect was noticed, 
and on some of tliese occasions he would walk to and fro Even in these 
instances, of winch the patient was the only witness, and we consider a 
rehable witness, it is probable then that smoking was not the only factor, 
though it may have been the precipitating factor, in the production of 

anginal pain 


Discussion 

The only hypothesis consistent with the known facts concermng 
peotons 18 that which attributes the pam to the accumulation in the ^eart 
of a substance or substances hberated from the 
contraction and normally removed by the circulating blood “ 

18 based on an analysis of the factors concerned in the Production of ^ m 
skeletol muscle, where external work can be measured and Wood suj^y 
controUed, and upon the chmcal resemblances betwwn 
intermittent claudication It is consistent with the known facts ™ I 
.rLtion (Lew.,. 17) and those 
7 i the efeots on .t of druge (28), food (26). ‘2’he 

the case of tlie heart neither internal work ^ production of 

In torme of tine hypothesi. tobaow oTbylwtoohng 

pein either by inoreasing tiie work of the heart or oy 

the coronary artoira or by l»a the eoromry 

The very widely held vi^ that tobac o J ^ ^ 
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20 per nun , and a moderate nse in blood pressxire and oardiao output 
In one subject •w-bo inhaled, one cigarette raised the pulse from 69 to 66, 
the blood pressure from 112/68 to 134/88, and the oardiao output from 4 4 
1/min to 6 5 1/min , but this was regarded as an exceptional response 
If this be common effect of tobacco it may be asked why it is that 
so few patients with angina of effort have found that pam is precipitated by 
smoking, for all wnters are agreed that the complamt is rare hndividaal 
vanations m the degree to which the products of smoking are absorbed, and 
in the response to these products are no doubt in part responsible But 
there is another consideration It will have been obvious to the reader that 
in the case fully investigated here considerable difficulty was experienced 
in finding conditions such that smoking would bring on anginal pam, and 
it was clear that amnking was no more than a nunor factor which, so to speak, 
would tip the balance in favour of pain In terms of the hypothesis, it was 
only when the concentration of the pam factor in the heart was just below 
the threshold level for pain, that smoking would precipitate an attack 
It may well have been that this patient was exceptional m having smoked 
many times in his daily hie when bis heart was in this condition In our 
experiments tins condition of the heart was found in the penod immediately 
foUomng the disappearance of pain produced by exercise, when, as Wayne 
and Graybiel (26) showed, the exercise tolerance is reduced and when, as 
Lewis. Pickenng, and Eothschild (18) showed for skeletal muscle removal 
of pain factor from the muscle is incomplete In his daily hfe the patient 
seems to have reproduced these conditions by a combi^tion of excitement, 
which alone produced pain on one occasion, and shght exercire 
A further point requires attention In CSase 2 
reduction m his exercise tolemnce durmg the hour or so foBo^ smofang 
In many of the recorded cases exercise tolerance increased after giving up 

Staorandrour third patont. a aUrawd 

to have occurred over a penod of more than 3 months It is clear 

SlIhtroaTS^ efieot of tobaooo oatlaated, and m many long 
that in tnese cases cue e «a.tnre of this prolonged action is 

outlasted, the penod of smoking than normal for 26 mm. 

not oTidont In Caao 1 the pulno lamained fasto tton n^ 

after smoking, bnt the subsequent j^)„l,,an<iemoteased 

This we have been unable to obtain sclerosis, the pathological 

Abuse of tobmmo is not the oan^ "ol“sbo™ by TOde 
leoon underlying angma protons ^ non-smokers bigbet and (d 

and Sbarber (27) who found the frequency control oases of 

smilsT ssn and age S^’^nntionbw. rendered 

present paper byprovidmg an altemahTeenpian 
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the hypothesis that constnction of the coronary arteries by tobacco is the 
cause of angmal attacks precipitated by smoking, and has provided some 
evidence against this hypothesis 

The retention of the term tobacco angma to descnbe snch cases seems 
scarcely justifiable, "where the role of smokmg is apparently similar to that 
of a heavy meal Its nse m the second group of cases, mentioned at the 
beginmng of this paper is open to the objection that considerable doubt 
must remam as to -whether the pain is angmal until further facts are 
available 


SUMMABT 

1 Three cases of angma of efiort are reported in which the patient 
had noticed that smokmg would produce an attack (m two cases) or that the 
exercise tolerance was influenced by previous smokmg (in two cases) 

2 In one case the factors concerned in producmg anginal pam by 
smokmg have been analysed It was found that smoking just before or 
durmg exercise did not reduce exercise tolerance Smokmg would only 
produce angmal pain in the penod shortly after the disappearance of angmal 
pam produced by efiort, and then only if the pulse rate rose sufficiently 

3 In this case therefore smoking was a mmor factor m the production 
of anginal pam and its effect can be explamed through its moreasmg the 
work of the heart 

4 Doubt IS expressed as to the usefulness of the term “ tobacco 
angina ” A group of cases qmte distmct from angina of effort has been 
described m previous "wntmgs, but there is as yet no evidence that m such 
cases the pain anses from the heart 
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This early inciease m vrei^t of the shocked kidneys contrasts sharply 
mth the normal rreight of Jadnej^ from shocked animals 5 boms after 
burning (Eicpenment IV) The oi^an first becomes heavy due to retention 
of blood, but the tissues soon begin to lose ■water and the Tceight decreases 
in spite of an increased content of blood. This tissue dehydration can be 
expected to become progressively greater and may mterfere with cellular 
function Thus, in shock the function of the organs may be unpaired not 
only because of ischremia, but also because of severe dehydration of the 
parenchymal cells 

It has been suggested that m shock there is a specific nephrotoxic agent 
There can be no question but that the kidneys are severely injured but the 
distmbance* responsible for their unpaired function is not specific to them 
smce similar changes are found in all organs examined The tests of renal 
function are more sensitive than those of other organs such as the heart, 
hver, adrenals, lungs, etc (24) It is likely that if the function of these 
other organs could be more accurately studied, early and profound changes 
would be discovered 


Experiment X 

The toxic factor tn esiravasattie shock 

We have previously observed that when an animal is dipped at 75®C for 
10 seconds, oedema appears rapidly, but changes little if at aU during the 
last 20 boors (Fig 3, Curve C) In Eapenment 11 it was shown that 
bleeding volume fell progressively in the last 15 hours of the 24 hour penod of 
observation, dunng which tune only a shght mcrease m oedema took place 
Furthermore, it was observed that during this penod of time there iras a 
progressive diminution m the hoemoglobin determination (Fig 4) It is, 
therefore, apparent that there was a reduction m bleeding volume which 
could not be accounted for by extia-vasation of the flmd into the burned 
area, but must represent a new process taking place m these animals This 
new process is undoubtedly the same as that causing a reduction of bleeding 
volume in toxic shock because m ammals scalded at 75 ”0 up to the head 
the hamoglobin content of the hver and kidneys is also mcreased (Fig 5 and 
6), the weights of these organs are altered httle if at all (Fig 5 and 6), and 
the microscopical changes are similar to those found m toxic shock, i e , 
congestion and increase in the number of open capQlanes 

Scalding a laige area of the body surface (90%) at 65‘’C for 10 sec 
seems to provide the most ideal circumstances for the production of local 
fluid loss in the burned areas Like Elman (6), we have observed that at 
higher temperatures, less oedema occurs, and that at lower temperatures, 
less shock and less oedema occur Yet, under these circumstances (65 °C 
for 10 sec ), ideal for the production of oedema, it can be stated that the toxic 
factor causes further accentuation of the shock and later plays the predomi- 
nant role in the deletenous state of the animal 



320 


PRINZMETAL AND BERGMAN. 


Experiment XI 

Demonstralion of Immoral factor 

The demonstration of the humoral factor in shock is fraught with 
difficulties, and indeed no convincing demonstration of such a factor has been 
presented Harkins (12), mentions 20 tome substances which have been 
proposed, but none of these has been generally accepted as the cause of shook 
In order to demonstrate a bum toxin the following points are important 

1 TJie blood should contain the largest possible quantity of the toxic agent 

2 Extremely large amounts of this blood should be used 3 Since the 
chemical nature of the toxic agent is unknown, it is inadvisable to extract 
tlie blood, since one does not toow what to extract Therefore, the blood 
should be rapidly drawn from ihe shocked ammals, hepannrzed, and 
injected as rapidly as possible into the recipient 4 The recipients of the 
blood should develop the essential disturbance of toxic bum shock, namely, 
a diminution of effective circulation The recipients need not have the 
chmeal manifestations of shock because even under these ideal circumstances, 
the amount of toxic substance injected may be insufficient to cause them 
It should bo remembered that when one injects blood from a burned ammal, 
not only is the toxic agent given, but the whole blood has beneficial factors 
which can be expected to compensate partially for the toxic substance 
contained m tlie same blood Thus, we have repeatedly observed that the 
injection of large amounts of whole blood from severely burned ammals does 
not have a cbnically deleterious effect on normal ammals 

It was previously shown that animals die in typical shock following a 
very severe bum {100®C for 20 sec up to the head) in a very short pmo m 
time li there is a Immoral factor causing shook, this f^r o ^ 

highly eonoentmted in the blood of those ammals ^ 

thio rats as donors, bled them from the abdominal ao^ ” S 

8 to 10 min into tbs 

non-burned animals were injected into j j^ts it was 

smaU amounts of blood which could ^n^ection 

raorrn';d"™t" 

approximately 50 normal rats and volumes 

bleeding volumes are shown »» receiving 4% of the 

(as % of the original body weight) of 38^ (standard deviation of a 

«i^”ratn*rsmtororJt/aa and .0 ..ndsrd error 
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of the mean, i 0 14) The t value for the deviation of these means is 5 8 
so that the P value is less than 0 01 These results appear to he sigmhcant 
The difference between the effect of blood from normal and shocked ammals is 
more staking when calculated in the following manner The bleeding volume 
of normal rats averages 4 1% of the body weight (Ei^enment Vil) After 
receiving 4% of normal blood, the bleeding volume is 6 7%, a difference of 



Fig 10 Each dot tcproeents the tatio of the bleedmg volume of a rat transfused with blood 
from normal animals to the bleedmg \oluma of a sumlar rat transfused with blood from 
wv ereh burned ammals Two simUar nonnal rats were mjected at the same time, one with 
blood from normal rats tho other with blood taken from rats 5 mmntes after sealdmg to 
the head at lOO C for 20 see The blood was heparuuzed and administered mtravenouslv, 
of the onpmal bodi weight withm 10 to 30 mm after collection After 10 nun the 
bleeding solumo of coch pair was detetmmed The ratio of the blcedmc volumes normal 
to bum blood response should fall on the 100 Ime if there were no difference When the 
dot IS nbo\e the 100 Ime the bleeding tolume of a rat recen-me blood from burned rats is 
less than that of its control receinng blood from normal raU The retersc is true for dots 
below the JOO line Tho length of each Ime represents the magnitude of the differenre m 
response The cross iepre=»nts the mean of all the \ alues the vertical hue of the cross bem-» 
tho spread of tho standard error of the mean. There appears to bea significantlv decreased 
bleeding tolume m animals receivmg blood from burned rats os compared to animals 
tron^fu-scd teith normal blood 

6% The bleeding volumes of animals receiving blood from bnmed 
mmals was 5 7%, a difference of 1 6% Hence, 62% less blood was 
•covered from ammals receiving blood from shocked animals 

This evpenment demonstrates that there is a factor m the blood of 
imed animals which causes a diminution in the effective circnlation As 
entioned above, this evpenment does not prove that a new substance, 
vie m ongin, is absorbed from the burned area might absorb some' 
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substance from the blood which is necessary for normal capillaiy function 
Tjie only way of difierentiating between these two possibihties would be 
by the concentration or isolation of the toxic substance from the blood of 
burned animals The injection of a small volume of a substance so obtained 
causing the charactenstic phenomena here described would conclusively 
prove that such a substance is the cause of shock, providing it is not present 
m normal blood Such evidence, however, is not available and the second 
possibibty, namely, quantitative chemical change in the blood, cannot be 
ehrainated 

The only substance demonstrated so far which accumulates m unusually 
large quantities in the burned area is the sodium ion (7) Although a 
reduction in the blood sodium (14) has been found in the burned animal, 
tins reduction would have to be present immediately (1 min ) after the bum 
if a change in the sodium ion concentration is the cause of the capillary 
atonj* 


Discussiok 

A series of expenments has been performed to elucidate the nature 
of bum shock It has been shown that the pnmary change is a humoral 
one u Inch causes dilatation and an increase in the number of open capiBsnes 
of tlie nsceia This, in turn, causes the stagnation of blood, e^eciaUy red 
cells until resulting decrease in the bleeding volume and in the effective 
circulation The most important factor regulating capillary tone seems to 

Firsts 

pituitary, or the sympathetic nerv increase m the number 

Indeed, as a result of these capiu y .ippreased instead of increased 

result of capillary dilation, the bloodflo constriction was first 

Tho theory e^emoBy Moon 

suggested in 1879 by Mapothe ( ) ^unrters of tins theory These 

(IG) and Cannon (4), have been n jn faTrour of the toxic theory 

tiTO men hnvo obtained a 8^* in the face of strong oppoa- 

„f shook. andhavehddW tto^^”^^^^^^ ^ to theoiy apply 
tion It tronld bo rroU to see how m 

to the findings olitoined in this group ^ „,ffl„ent to aeeoant 

1 It has been claimed that ®“^J,^^ose we have prenonslj 

for shook after bums This „„ flmd loss (19), and toaton 

townthatintomeln»shoo«emmht^_^^^^ „p„rt.nt role 

ontravasatiTO hum shook me 
(Experiment X) 
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2 It has been stated that congestion is not alirays present This 
statement wonld appear to be based on a lack of quantitative and objective 
observations For, if the amonnt of blood in the shocked organ is 
determined by weight (Experiment IX), the red blood cell content determined 
by colonmetnc methods (Erpenment IV), and the capiUanes catefnlly 
observed, counted, and measoied (Espenment VI), there can be no doubt 
that visceral congestion and capillary atony are present 


3 It has been stated that the degree of the capillary congestion has 
not been measured and might not be of sufficient magmtude to accommodate 
large volumes of blood By quantitative studies we have shown that this 
18 not true (Expenments IV, VI, IX) 

4 It has been stated that the capillary congestion is a terminal event 
and due to anoaa This is not true for we have shown that capillary atony 
occurs immediately following the bum and m 1 minute the tissues show 
evidence of marked congestion with resultmg diminution of bleeding volume 
(Experiment VUI and IX) The anoxia does not cause the capillary 
congestion but is a result of the circulatory disturbances caused by the 
trapping of the blood in the small vessels 


5 It has been suggested that the heart may be damaged in shock 
and that the capillary congestion is due to heart failure This is not true 
for the foUowing reasons (a) The hearts of shocked animals after 
e-«ffianguination from the abdominal aorta continue to beat after the venous 
return has vir^Uy ceased The failure of the venous return cannot be 
due to mj ocardial w^kness for the heart still beats and the blood is trapped 
(Espenment H) (6) The capillary congestion ooLs 
immediately afW the injury, before the heart would have a chance to fail 

maS^r Shocked animals without hearts have as 

mrked capffiary congestion as do shocked animals mth hearts (Expenmenfc 


tor fL ? claimed that a humoral change which can accounl 

for the shock syndrome has not been adequately demonstrated. THts k 


U UoU m our ‘‘’™8 

«o mflurnre on rnmmi t,me nor mo^'m 
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These observations are in marked contrast to the shock which results 
from tlie crushing of large amounts of muscle in dogs (20), where the 
administration of sulphamerazine completely prevented the onset of shock, 
proving the bacterial ongin of this tome factor This shows how complex 
the etiology of shook is for it has now been demonstrated that there are at 
least tu'o “ toxic ” factors, baotenal, and non-hacterial These observations 
show that shock is not a distinct entity but results from a variety of causes 
and mechanisms 


SUMMAEY 

1 Denervation by severing the spinal cord has no effect on the 
mortahty or the survival time of rats burned at 100 “C for 16 sec Since 
it lias been previously shown that in this type of bum there is insufBcient 
local fluid loss to account for the shock-hke state, it has been concluded that 
the shook is toxic (humoral) in ongin 

2 It has been shown that the bleeding volume in “tone" and 
“ cxtravasative ” burn shock is reduced, the reduction bemg proportionate 
to the degree of trauma and becoming progressively more severe until the 
animal dies FoUomng less severe bums, after the imtial reduction the 
bleeding volume increases as the animal recovEXS 

3 In toxic bum shook there is no sigmffcant elevation of the 
hmmoclobm Conspicuous hiemo-concentration occurs only following bums 
with much local fluid loss It is, therefore, concluded that the deg^e of 
hmmo-concentration is not indicative of the seventy of the bum or of the 

degree of sliock 

4 As shock progresses, the hremoglobm values fall ^ 

blood cells than of plasma in the capillanes 

5 By l..stolog.oal study, it has been 

an mcreasi m tho number of open cspiUones and in the amoun 

retained in each capillary 

0 Tho capillary atony, therefore, 

volume occur quickly (unthm 1 ^ ^ ^ anoxia, nor is it terminal 

the primary disturbance and is not seoo y , i. v. 

«+ i-n diocked ammals can best h 

1 The visoeral congestion P"®® onimals become 

domonstmtod aiter ®=‘«‘”f“;™San.iX^uitl>a.reongestedappcarsucs 
very pale, wheieas those of shoo mevents vascular oontraotion 

dno to tlio vascular disturhanoa which pKve”® 
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8 The bleeding volume of animals TTithout hearts is approximately 
the same as those noth hearts This demonstrates the active participation 
of the penpheial circulation in the venous return In shock, this peripheral 
contractile power is impaired so that the venous return is greatly reduced 

9 In shock with a considerable degree of local fimd loss, the toxic 
vascular factor soon becomes operative and after a few hours is the most 
important cause of the circulatory disturbance 

10 A humoral agent in the blood of burned ammsls can be 
demonstrated by the reduction of the bleeding volume of normal animals 
after they have been injected with large amounts of blood from burned 
ammals 
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THE ROLE OF THE KIDJTEY IK ACUTE AKD CHBOKIC 
HYPERTEKSIOK FOLLOWIKG RENAL ARTERY COKSTRICTHOK 

IK THE RABBIT 

By G W PICKERING 

(Medical Clinic, St Mary's Hospital Medical School, London ) 


Is the coarse of some expenments earned out m 1938 Tnth Dr Kelsall, at 
■vras noticed that m tvro rabbits vrith hypertension of some ireeks dnration, 
and produced by constncting one renal artery efter the other kidney had 
been removed, excismg the sole ischamic kidney iras not foUoived by a 
return of the artenal pressuie to normal Subsequently it iras found in 
rabbits that hypertension, similarly induced but of only a fewdays duration, 
was abohshed by removing the afiected kidney These observations seemed 
to be important from the point of view of the mechamsm of this hypertension, 
suggestmg as they did that the role of the kidney differed m acute and 
chrome hypertension Further eiqienments were made to verify and 
elucidate these chance findings, and are recorded in this paper 


The effect of excising the sole ischamic hidney on hypertension of short and 

long duration 


Babbits fed on a mixed diet, including green stuff, have been used 
throughout, artenal pressure bemg measured in the central arteiy of the 
ear of the warm unanaesthetised animal by Grantand Rothschild’s capsule f9) 
After a prehminary penod of observation, the right kidney was removed, 
and two weeks later the left renal artery constneted by a clamp of 0 5 mm 
internal dmmetev, both operations being earned out with aseptic precautions 
through lom incisions, under nembutal anesthesia A few animals wer^ 
ost through partial infarction of the kidney The remamder develoned 
hypertension, which charactensticaliy was progressive, the artenal pressure 

to n.e, at a vanabic rate and for a vanable tune, subsequentlv S 
remaining left iscbiemic kidney was removed aseptmally^^dS ether 
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anaesthesia either 4-8 days, or 7-15 yeeks after oonstnetuag its renal artery, 
and the artenal pressure recorded at frequent intervals until the animal 
died or uas killed 

Ihe results uhioh have, in the mam, confirmed our onginal observations 
are summansed in Table I The first senes consists of nine rabbits m which 
the ischeenuc ladney was removed by re-opening the lorn mcision 4-8 days 
after constncting the renal artery , in tliree of these rabbits (185, 200 and 
201), the kidney had been brought through the muscle layer and made 
subcutaneous when the renal artery was clamped The time from induction 
of ether aniesthesia to the end of the operation vaned from 5 to 20 mm and, 
ether being discontmued when the renal pedicle had been tied, the ammal 
was usually able to sit up within 6 mm of completing the operation In 7 



1 i?’ progressively after removing the 

® time 

19, 20 ‘>1 and *>3 lionrc t* ^ "Operitive level m 30 mm but readings at 
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Iiours le ’ except between 12 end 24 

before the xsoha^nue kidney was TeS^ved 

these rabbits the nephrectomv was ojvrr, constricted In 

the transperitoneal route through an ant^w ansesthesia by 

fibrosis around the kidnev making fhp i abdominal mcision, the 

oporafon lasted a Wtte ILgaa teLla 

Novarfl.aleas the IS.! hal Stln ^o“^d^Z“;h'^“^f ^ 
aathm 20 mm of tying tho renal pedicle, and blood preasnrea wei^ZtoS 



Fipr 2 Rnbbit 5B Right nophroctomy (R N ) 28 7 43 Left renal orteiy constncled (L C ) 
11 8 43 Left kidney rcnio\ cd (L N ) 7 10 43 Ordinate and abscissa ns in Fig 1 Note 
tho fniliiro of tlio artonnl prossnro to return to normal after excising the isohiemio kidney 


after 40 min in some animals In only one of these animals did the artenal 
pressure return to normal, and this fall, recorded 3 hours after nephrectomy, 
was tiansient, the pressure on the third post-operative day having nsen to a 
level Jngher tlian the higliest reached before the kidney was removed In 
most of the remainder there was a tendency for the pressure to fall a httle 
during the first 24 hours, and subsequently to return towards the values 
lecoided just before nophiectomy, but in aU the pressure remained well 
above the normal level Indeed in rabbit 4B, m winch 11 readings of artenal 
pressuie ivere obtained in the 60 hours after removing the isohamio kidney, 
the pressure remained 65 ram Hg , or more above the normal, and never 
fell more than 10 mm Hg below the highest value reached with the 
ischiemic ludney still in situ Jig 2 is representative of this senes 
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The third senes m Table I consists of seven rabbits m which the nght 
and the left kidneys ivere removed at separate operations bnt in which the 
renal artery was not clamped and no hypertension developed. In 231, 233, 
243, designed as controls for the first senes, the left renal artery was exposed 
but not clamped, 7d 7d. and 4d before the final left nephrectomy In 128 
the interval between the two nephrectomies was 16 weeks, resembling in this 
respect animals of the 2nd senes Although pressures were recorded less 
frequently in these animals, it is clear that removing the second kidney 
left the artenal pressure essentially unaltered until the final fall a few hours 
before death 

It IS clear from these results that when in the rabbit the sole and 
ischseimc kidney is removed, the effect on hypertension depends on its dura- 
tion If the hypertension is of relatively ^ort duration, up to 8 days, 
then nephrectomy usually restores the artmal pressure to normal within a 
few hours and the pressure subsequently remains normal until within a 
few hours of death Evidently here hypertension is dependant on the 
presence in the body of the kidney whose renal artery has been constncted 
On the other hand when hypertension has lasted more than 7 weeks removing 
the ischsemic kidney does not abohsh the hypertension, which usually 
remams relatively unchanged durmg the few days in which the rniiTYial 
survives 


As has already been mdieated excismg the isohaunc kidney was 
tecluucally easier in the rabbits with recent than m those with long standing 
hypertension The fall m artenal pressure in the first as opposed to the 
second senes cannot therefore be attnbuted to a more severe post-operative 
ruction JTor can the differences be attnbuted to the time of survival 
after removing the remaimng kidney, 6 animals in each group hving 72 
hours or more The ageing of the ammals in the second group may be 
disimssed as a factor, because the duration of the hypertension was a small 
fracbon of the Me-span of the rabbit, and two unoperated htter mates of 
4^, oB, 6B, SB showed no rise of pressure during the period of the 
ofase^ation The gradual accumulation of renally excreted substance or 
substances dunng the more prolonged penod of renal artery constnction is 
^kely to have been a factor in the fadure of the artenal pressure to fall 
after nephrectomy in the second senes, since in 6B and SB the blood urea at 
the time of nephrectomy was respectively 51, and 34 mg per 100 c c The 

te. obUmed L ,b, 
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that the agent concerned js renin Tn i 

that the time taken for arterial presaure tn shown 

an intravenous infusion of reni/kstmo* i ^ normal, after stopping 
taken for the hypertls oHn ^ ^ tinie 

removed 4-6 da^XrZtaoW ?r' «= 

that in hypertension of sJiort dmation the penod elaMmAS^* »“8gesting 
the ischiemic kidney and the return nf ^ between removing 

represents the time talmn fofL S .„ti 1®“' ”™’‘> 

^ Which It gives nse Itleetd^^^^r^tiSrrt 
artenal pressure to return to normal after nephrectomy m the mhbit uSh 
ong contihued hypertension might be due to some slowmg in the process 
of inactivating remn To investigate this possibihty the responses to renin 
were tested in two such animals after excising the ischmmic kidney Highly 
abnormal responses were observed In order to place these responsi m 
their perspective it seemed proper to investigate the part played by 
nepJirectoray and hypertension in their causation ^ ^ J' 


T7ie effect of vephreelomy and of hypertension on the response to renin 

Tlie response to remn is similar in kind but vanes in size and duration 
in different normal rabbits The effects of nephrectomy and of the vanous 
stages of hypertension have therefore been investigated by companng the 
responses to remn of ammals subjected to these procedures with the responses 
given to the same dose and preparation of remn by the same ammal before 
any operation Unless stated otherwise the remn used was prepared by 
extracting an alcohol dried rabbits kidney powder with 10 o c salme per g , 
this powder remains stable for years (20) The same powder was used 
throughout the experiments on any one ammal, thus ensuring comparable 
btimuli Injections v ere given into the vein of an ear rendered insensitive 
n few minutes previously' by injecting 0 25 c o 1 % procaine around the main 
nerves at its base In all cases the ammal was unansesthetised, the arterial 
pressure being recorded on the othei ear by the capsule method Where 
more than one injection was given on one day, and tlus was exceptional, 
an interval of some hours elapsed between injections 


The effect of nephrectomy and nreieric hgalvre in the normal rabbit 
Tlie effect of removing both kidneys on the response of the otlierwise 
normal rabbit is summarised m Table II The figures for each rabbit 
represent the mean of at least two experiments earned out 4-6 days before 
and at least two experiments 24-72 hours after removing the second kidney 
In each rabbit the response to renm is increased by excising all renal ^issue, 
both at the peak of the rise (2 nun ) and at comparable times during its fa , 
so that the duration of the response is increased, but it may be noted in eac 
rabbit the initial pressure in the nepbreotomised 

winch 18 representative, demonstrates the increased height and dutacion 
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TABLE n 


Th^ ^nfluenet oj Material nephrectomy and bilateral hyature of the ureters on the response of the 
rabbit to a single injection of renin 


Habbit ' 

BP before operation oim Hg 

BB after operation mm Hg 

1 

Initial 

Bise to rerun ' 

1 

Iiutial 

Rise to Tcm 

a 

at 

2 mm 

at 

10 IS 
mm 

at 

25 30 
mm. 

1 

at 

2 mm. 

at 1 
10 15 
min 

at 

25 30 

TTim 

A. Bilateral ^ep' 

hiectomv 



m 





in * 

81 

30 

10 


76 

44 

17 

11 

J2S 

77 

26 

6 

iD 

65 

34 

11 

5 

133 

78 

43 

19 

H 

75 ! 

62 

24 

19 

131 

IS 

1 

43 

11 

B 

63 

1 

73 

28 

1 

22 

Average 

B 

1 

35 

12 

1 ^ 

1 

69 

53 

20 

i 

1 

1 W 

i 

B Bilateral Uga 

i 

tore of n 

ret eta 



1 

1 

1 


1 

141 

74 

1 35 

i 13 

7 

1 

77 

42 

9 

1 « 

143 

71 

1 


15 

5 

87 

26 

7 

1 6 

143 

60 

30 

15 

2 

” i 

43 

18 

' j 

i 18 

A\crage 

71 

31 

1 

15 1 

4 

i 

78 ' 

37 

1 

1 

11 

10 


of the response after nephreotomj , it also suggests what is already apparent 
from inspection of the Table, namely, that part of the difference m the 
responses is the result of the lower imtial pressure after nephrectomy Por 
companson, the responses obtained 1 to 7 days before hgature of the first 
and -0 to 1 2 hours after hgature of the second ureter, are shown. Here the 
effects are less stnking and less regular . there is no lowering of the initial 
presrore after hgature of the ureters, and no constant increase in the size or 
duration of the response to renin While these results indicate that nenh- 

dniation of the response to rerun, our 
SriS ^ ^ ligatures are insufl5cient to show whether this change is 

That nephrectomy increases the height and duration of the nras««r 
first observed by Tigerstedt and Bergman (24)^in the 
rabbit and has been confirmed for this ammal and the dog The effwt 
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that the increased response in the do^ I>exter (13) observed 

48 hours after SpSLw ftTs W Vvono^cA after 3 than it 
obtained to hypertensm and adi^nahn! also were 

the dog nephrectomy does not increase the T)Ia<<TOn ^ ^ 

Braun-Menendez and DexW 

chloialose amesthesia ,s prolonged from the normal 30 mmlo lleThsl 



rjp: 1 Blflck tliws roprcsont tho rondings of artcnal pressure of a normal rabbit, 134, before 
nnd nftor injection 0 G unit romn on 10 11 37 Open eirclea represent the response of the 
sfttno rabbit to tho snmo doso of ronin on 10 ll 37, 24 hours after removing the left kidney, 
tUo right haling been remoicd on 11 11 37 


than 2 hours 3 ust after nephrectomy, and to 3-4 hours 49 hours after this 
operation They considered that this progressive increase in the survival 
of injected renin m the hours after nephrectomy might mdicate either that 
ronm was destroyed by a substance secreted by the kidney which persisted 
m the circulation some time after nephrectomy, or that remn was destroyed 
by some tissue metaboho process which sufiered in uraemia Finding that 
replacement of 87 5% of the blood volume with normal blood did not reduce 
tlio survival time of remn in urtemio ammals, they concluded that the second 
alternative was correct Govserts (8) has shoxm that interposing a norma 
kidney between carotid artery and jugular vein raises the arfcenw prepare 
of the recipient dog only shghtly 2 hours after both its kidneys have been 
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removed, but conspicuously 2 days later , by crossed transfusion expenments 
he has demonstrated that this phenomenon is due to a change in the 
sensitivity of the nephreotomised recipient to the pressor substance leaving 
the perfused kidney 


The effect of hypertension Table III summanses the responses to renm 
during the first and ninth weeks of hypertension following artenal 
constriction of tlie sole ludney Dunng the first week the response is some- 
times decreased, sometimes increased and sometimes unaltered Closer 
inspection of the figures suggests that the effect is dependent on the degree of 
hypertension , for the response was dimimshed in 1C, 2C and 40 in which 
the rise of pressure due to renal artery constnction exceeded 25 mm Hg , 
while the response was essentially unaltered or increased in the remainder 
in which the hypertension was less If discharge of remn by the isohtemic 
kidney is the sole factor producing hypertension during the first week, then 
a decrease in the response to injected remn is to be anticipated , m a previous 
paper it uas shown that equal increments in dosage of injected renm are 
accompamed by progressively smaller increments of response (18) , and 
Taggart and Druiy (23) have shown that the response to a single mjection 
of remn is reduced when the arterial pressure has previously been raised by a 
continuous infusion of the substance While the diminished rraponse m the 
three animals with the more severe hypertension may be viewed m this hght, 
the results are too few and too vanahle for detailed comment 


Responses to remn dunng the mnth week after renal arte^ constnction 
were greater and lasted longer than those in the first week in aU four ammab 
m which the comparison was made In the 3 ammals where ^suKsjre 
available, the respLse in the mnth week was also greater than bad teen 
before the renal artery was oonstneted (in 8B the dose injecte m 
week THIS half as great as that mjected m the previous two penods) mse 
findings of an increased response to a moderate dose of remn are m agre 

hypertension as has been done here 

It IS possible tliat this increase m 

hypertension is part of a more tyiamine and postenor 

s^stances for increased responses noted that m 

pitintory ea\traot have also been repo jj^veloped hypertension slowly 
Ogdon. Bmvn and Page’s (16) S«»ssd tespo-® 

renal artery oonstootion 
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MIN 


^5 4 Rabbit 7C The response to 0 5 mut icnin 46 boms after excismg the sole and ischsmic 
left kidnc\ Duration of renal iscluemia and bypertex^on, 7 davs 



r « n W rty 

kft rfnnl nrten 6 lO^-i Wore constnetm? 

rcml nrt<-n (block dw upper chart) (c) on •> 10 43 ~ “fw coa<ttnctins 

(opr^ cird~i upper rhnn) the rjght kjdnVv l^d «crsmc th« left fadnev 

nrt< n wm cori«tnct(xI remoied 2 weeka before the left renal 
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The, effect of excising the sole tschosmic kidney The xesponse to rerun 
after excising the sole ischsemic kidney depends on the duration of the 
preceding renal ischseima and associated hypertension When the 
hypertension has lasted 6 or 7 days, the response of the nephrectoimsed animal 
to renm (Fig 4) is similar in size and duration to that of a nephrectonused 
animal that has never had hypertension Thus in the four normal ammals 
of Table II nephrectomy increased the response to renm 1 6, 1 3, 1 4, and 1 7 
times, while m the four ammals of Table III with hypertension of 6 or 7 
days duration the response after nephrectomy was 1 3, 1 7, 2 0, and 1 2 times 
as large as the response before renal artery constriction 

Wlien, however, hypertension has lasted 9 weeks or more, the response 
after nephrectomy is much greater and lasts longer (Fig 6) Thus with one 


TABLE IV 

T/ir tjfcci ofcxcmng (he uc/immic kidney xn rabbits vnth hypertension of 9 wee) » dtirnUon on 

the response to small doses of remn 



Rciponso m Ibo ninth vt cck before 

Responses after 

esciBing 

tho ischmic 


oMininK tlio I'^cba.mic kidnov 



kidney 



Rflbbit 





Hours 




Dura 



llUtlftl 

Rise 

Dura 

after 

Dose 

Initial 

Rise 


renm 

BP 

BP 

tion 

nephro 

ctomy 

romn 

BP 

B P 

tton 

OB 

units 

0 05 

imn Hg 
lOJ 

mm Hg 
22 

imn 

11 

9 

imits 

0 05 

mm Hg 
88 

tnmHg 

48 

mm 


0 05 

109 

32 

10 

31 

0 06 

93 

60 

55+ 


0 05 

120 

0 

3 


— 




8B 

0 05 

133 

7 

25 

9 

0 06 

98 

31 

13+ 


0 10 

132 

34 

8 

30 

0 05 

138 

26 

8+ 






48 

0 05 

116 

40 

55 

SB 
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the renal arteiy constriction ivas not made, bnt in two normal animals of the 
same litter as oB, 6B, and 8B, and in the same week as their responses after 
nephrectomy were ohtamed, 0 05 rants remn gave rises of 6 and 11 mm Hg 
lastmg 5 and 6 min- respectively These resnlts agam emphasise the 
evceptional sensitivity to reran of the nephrectomised chronic hypertensive 
rabbit, and it is possible that this may prove a nsefnl pr^aiation m the 
assay of mmnte quantities of reran 


Gomme.nl The ongmal pomt of these experiments was to decide whether 
the persistence of the hypertension after excising the ischsemic kidney was due 
to a loss of the ahihly to inactivate renin It is clear that this is not the case, 
for despite the large and long responses to mjected remn, the arterial pressure 
has in time returned to the pre-injeotion level m every case Yet the 
hypertension persists The persistence of the hypertension de^ite the 
absence of the kidney could only he explamed on the reran hypothesis by 
supposing that reran were contmuonsly released from a source other thnn the 
kidney For this there is no experimental sanction, for extracts made from 
organs other than the kidney of chroracally hypertensive rabbits have faded 
to reveal the presence of reran (20) 

These expenments have however revealed a further pomt of difference 
between the behaviour of rabbits with hypertension of short and long 
duration, namelv the greatly mcreased sensitiviiy to reran shown by the 
animal with prolonged hypertension after excision of the sole iscbtemic 
todney M has bwn seen, in hypertension of short duration, the response 
to reran after nephrectomy is similar to that of a nephrectomised a^l 
which has never had hypertension, while m hypertension of long duration 

« considerably mcreased and prolonged! 
tl^at this increase m response is the sum of the effects 
prolonged hypertension and of nephrectomy on the reactivity to remn 
the change in response indicates once more that the hehavwnr of the 
ca^ovascnlar svstem m chronic hjrertension has been modified by factor^ 
whiOi are outside the kidney Three kmds of change affecW 

the course of prolonged hypertfnsion 
nameh structural clianges m the heart and vessels, changes m carioS^S 

constitution Of these possihihties only the 


^iruciurai c/ian^es 


fitan ana lessels 
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° 1- and 

™ra feedm LroliZT^ !^r°‘‘’/”^ Sut and adremfe 

»3%:i 

rT> ^ ^edia was found only m one small branch of the henatic 
mSne m ’bB^ ®n<ienng the mesentenc border of the small 

TaTr T »Phreoto4 . - the tter^^ ol 

heaart, hver. spleen and Indney only were examined This is in agreement 

Ml 1 a previous finding (27) that artenolar necrosis only occurs m rabbits 
Mith a grtmtly raised arterial pressure The absence of intimal thickening 
in all, and of qualitative medial change in most, artenes exammed m the 
animnls of group 2 suggests that an irreversible vascular change is not re- 
sponsible for maintaining the arterial pressure after excismg the ischtcnuc 
kidnC3»^ 


Afcdial Ii3'pertrophy of the arteries has been found in human bjpertension 
and has boon detected m dogs with hypertension following renal artery 
constriction (3, 7) Many of the tissues examined in this senes have been 
unsuitable for deciding whether or not medial hypertrophy has occurred 
Tims mflanimatoiy changes and extensive heemorrhage, presumably of 
urroniic origin were found in the gut of many ammals , the widely dilated 
vessels m such tissues could not be compared with the more constncted 
vessels seen in other sections 


Cardiac hy^pertropliy has previously been shown to occur in rabbits with 
persistent Iiypertension following renal artery constriction (19) In the 
present senes the relationslnp between heart weight and carcase weight was 
not comparable to the ratio in normal animals, because after total 
nephrectomy the ammals ate and drank little, though suflScient was offered 
Nevertheless, the ammals with short and long continued hypertension, 
described in tins paper, are themselves comparable in this respect, and the 
relationship of heart weight to carcase weight, in those ammals where these 
xveiglits wore obtamed, is shown in Rg 6 It may be seen that as in normal 
animals, heart weights are relatively greater in ammals with low carcase 
weights, but that for a given carcBse weight the heart weight is greatCT in 
those ammals with long than in those with short hypertensions ^us 
difference may be correlated with the greater artenal pressures obtained in 
animals with h 3 T®rtension of some weeks duration While it seems reason- 
able to suppose that cardiac hypertrophy is a process which requires tune, 
we are unable for the reasons given to say from these figures whether any 
enlargement of the heart had occurred in those ammals with hype nsion 
lasting no more than a week 
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From these results it is concluded that quahtative changes in the vessels, 
such as artenolar necrosis, ivhich lead to narrowing of the lumen, are not the 
cause of the phenomena described m this paper Kor can cardiac 
hypertrophy be held responsible for all we have ohservei For while it is 
reasonable to expect that the magmtude of the nse of arterial pressure due 
to a pressor substance such as renm may be related to the power of the heart, 
cardiac hypertrophy can not account for the persistence of the hypertension 
after excising the ischffiimc kidney nor for the long duration of the pressor 
response to remn after nephrectomy in ammals with chrome hypertension 
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eliown that tlie rtohTrf '* *‘™ 

«.e Boh^nuo fadn^ Thetae Sf ;“♦? ''!? V «a.„™g 

normal levol « of the aamo oXtS S' S', ^ 

m after stoppmg an “ “ 

RnaUy the Xf oontent ofX Jw\l. 1“!?”® ^ <“> 

(20) * There faete .ndreate that the wSl^eSelv XoS n’"rf 

mXfmerrem Xrr ^ -oXet4 

mohmXrtarey doee3 XmI^XSoS' Te’XXtXSf Z 

iypertension J8 not due to the activity of the other kidney, since this had 
been removed previously in these experiments Nor is it dne to failure to 
inactivate remn. nor apparently to production or storage of remn elseivhere 
since no CTudence of this has been obtained (20) It seems that a factor 
quite outside the kidney is responsible for mamtaimng the hypertension 
after neplirectomy, and it is not too much to assume that this same factor 
must liavc had an important, if not the cJuef, part to play in maintaining 
the li 3 'pcrtcnsion irlule the ischfflmic kidney was yet in the ammal’s body 
Altliough tins new factor is not renal, it is clear that its development must 
iiltnnatelj' be traced to constricting the renal artery To this new non-reual 
factor or factors we also attribute the excessively large and prolonged 
responses to remn observed after excising the isohseimo kidney m the rabbit 
u ith chrome Jiypertension and possibly the gradual and progressive rise of 
arterial pressure after clamping the renal artery, to which we have previously 
drawn attention (19) This conception of a non-renal factor playmg an 
important role in chrome hypertension is m harmony with omc previous 
observation of a normal remn content of the ischEemic kidney m rabbits 
wth hypertension lasting 2 months or more (20) It is also in harmony with 
the evidence which Taggart and Drury (23) brought forward against the 
remn lijqiothesis of hj’pertension, fox Professor Drury has informed me that 
the ammals used in these experiments had had hypertension lasting some 
weeks Taggart and Drury’s chief objections to the remn hypothesis were 
that m their rabbits with hypertension, the response to injected remn was 
not decreased, as it was in ammals whose pressure had been raised by infusing 
remn, nor was the hypertension reduced when the responsiveness to remn 
had been abohshed by injecting massive doses of the substance 

• In our j)nppr describing the lunount of ronm m the kidney, na dotormined bj biological 
nssn^ , 1 Jio conclusion wns rcnchod by inspecting the figures that constriction of the rennl artery 
With Lonsoqiiciit h\poitonsion inised tho ronm content of tho IvidnoA in tho first x^eck I ani 
indebted to Mi \Sooton for o statistical ini ostigation of this conclusion Ho mfomi-i me that 
our results sliou (1) thnt thovo is n significant rise m tho ronm content of the loft Kidnet as 
compared mtli tho light in tho control ovporimonta summariBcd m Table II that tlio 
diffcronco bctnceii tho remn contents of tho left (ischicmio) and nght (noimal) kichicjs in animals 
n Ith lit pertension of 2 8 dn 3 » (Table IH) is significantly greater than m the control experiments 
of Table II ( S = 0 00 , t = 5 0 , P = 01) Thus the conclusion stands the tost of statisti^ 
Irontment That tho ronm content in cliromc hypertension is normal, is so clear from our Hgures 
as to need no niatlicmatical analysis 



ghsonic hypertension 


245 


The hypothesis here brought forvrard is based on the behaviottt of the 
rabbit alone Superficially the position m the rat may seem rather similar 
This ammal is jieciihar in that constnction of one renal artery may produce 
gross and persistent hypertension even although the other kidney has not 
been touched In 1941, Wilson and Byiom (26) showed that in about two 
thirds of their animals, hypertension persisted after excising the ischsemic 
kidney They attributed the persistence of the hypertension to the actmty 
of the other kidney whose blood flow had been reduced by artenolar lesions, 
for they found that the extent of these lesions and of the glomerular damage 
was approximately proportional to the degree of residual hypertension 
At about the same time Tnedman, Jarman and Klemperer (5) reported 
that hypertension produced by wrappmg one kidney in cellophane frequently 
persisted after removing that kidney, and attributed the residual hypertension 
to irreversible changes such as m the vessels , in their ammals the degree of 
residual hypertension was related to the mtensity but not to the duration of 
hypertension before nephiedtomy In 1942 Patton, Page, and Ogden (16), 
producing hypertension by constnetmg one renal artery, the other kidney 
rcmainmg intact, found that the frequency with which excismg the ischsemic 
kidney abohshed the hypertension was not related to the degree but depended 
on the duration of the hypertension, ocenmng m 10 out of 21 ammals with 
hypertension lasting o-lO weeks, thej, too, attnbuted the residual 
hypertension to changes in the undamped kidney More recently Reed, 
bapirstem. Southard and Ogden (19) baye found that hypertension produced 
in the rat by Wilson and Byrom’s method is, if recent, nnmflnenced by 
nembutal ansesthesia or yohimbme bydrochlonde, but, if of long standing, 
IS reduced or abohshed by these procedures , they infer that m the rat 
liypertension of long standing, but not of recent origin, is due to a yasomoter 
ne^ous mechanism The only experiments at all resembhng those described 
m this paper are those of Grollman, Hamson and Wdhams (10) m which it 
IS re^rted that hypertension produced by partial removal of, or application 
“round, the sole remaining kidney is not abohshed during the second 
and third ^y after excismg the afiected kidney , in these observations the 
duration of hypertension is not stated but apparently exceeded 10 days 

m uncertain therefore whether the rat develops a non-renal factor 

in hypertension as does the rabbit 

inten eSror a no suggestion of the nltuuate 

reported Zf U ro the dog Several observers have 
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«I .n 50+. lou. 

imd been clamped respect/vely lie 27 

TJiese %m,js reveal no cl^r ^ Vrevrously 

isch^mm and the duration of hypertene™ Momng e«"5S'l.1 
of h conception developed in this paper to tliP^o^w 

m man'a 

stoges of tins disease is not identical (17) these two 

faPtolI‘^^T f ^ of the non-renal factor or 

l,.m rf ^ ^ important a part in the maintenance of 

3T)crfccnsion some weeks after renal artery constriction m the rabbit 
Structural vascular changes, other than medial hypertrophy, are not 
neccssarih present, though when present they may obviously play a part 
and cardiac Jij iiertrophy is not an adequate eiqilanation The factor or 
factors obviously require time for their development and changes m the 
iicrvons or chemical mechanisms regulating arterial pressure are possible 
iSicn 111 tJie normal animal these mechamsms are yet imperfectly understood, 
as in the maintoimnco of the arterial pressure after total sympathectomy 


SmiiUMY 

1 When hjpertension is produced m the rabbit by constnetmg one 
renal artery, the other kidney Jianng been removed, excising the ischiemic 
luitlncy after 8 da^ s or less usually abolishes the hypertension in a few hours , 
excising the iscliaimic kidney after 7 weeks or more has no effect on the 
h'^pertension dming the period, not exceeding 4 days, the ammal survives 

2 The persistence of the hypertension after excising the ischsemic 
kidney in animals with prolonged renal isclimmia is not due to an mabihty 
to inactivate renm 

3 TJie response to renm is increased in size and duration m normal 
animals by total nephrectomy Animals with renal isohEenuc of short 
duration respond to renin after nephrectomy in the same maimer as 
nopJucctomised animals ivhich have never had hypertension In ammals 
■witJi prolonged lenal isclicemia the response to renm after nephrectomy is 
iinusuallj’’ gloat and jirolongcd 

4 It 18 concluded that in the rabbit during the fiist week following 
renal artery constiiction liypertension is due solely or chiefly to the release 
of a Immoral agent, piobably renin, from the isohmmio kidney Later a 
new and non renal factor plays an important, and perhaps the ohiei, role 
in maintaining the laised pleasure 
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5 Qualitative structural changes in the vessels, such as artenolar 
necrosis, may be absent m animals with prolonged hypertension in which 
excismg the iscbsnuc kidney fads to abohsh hypertension 
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HEAET FAILUEE AlOJ BOXE BLOOD FLOW Ef OSTEmS 

DEFOEilAXS 
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WnE> Sir James Paget (12) described the disease of bone associated mth 
his name, he thought the bones were hypersBimc and, inchned to favonr an 
inflammatory cause, he used the term “ osteitis deformans ” From the 
pathological point of vieir Cone (4) also stressed the highly vascular state 
of the affected bones, and noted the frequent association of chrome cardio- 
vascular disease , he thought the bone pathology might be secondary to bcal 
vascular changes It is \rell knovrn that the skin over an affected bone is 
warmer than normal, the differences of temperature having been recorded 
by Khppel and Wed (9) and by Snapper (15) 

The frequency of cardiovascular comphcations has been observed by 
vanous authors One of Paget’s onginal cases was noted to have a dilated 
heart at post mortem, and this was ascribed to calcification in the mitral 
valve Hurwitz (7), recordmg 6 cases, noted that 2 of these showed evidence 
of heart failure Kay, Simpson and Riddoch (8) were struck by the frequency 
of high pulse pressures («ee Table I) Out of 33 cases 14 had pulse pressures 
exceeding 60 mm Hg , in 7 the pulsations were heard down to zero pressure, 
an aortic diastohc murmur being heard only in 2 Cardiac enlargement was 
often noted, as were systohe murmurs over the priecordium Seventeen 
cases seen at this hospital in recent years have been analysed and show 
similar results cardiac enlargement m 6 and high pulse pressures in 6 
Tlic high pulse pressures are not accounted for by hypertension, as we have 
put cases with diastohc pressures over 90 mm Hg into a separate group 
Artcnosclerosis Ins often been invoked to explam such findings, and it is to 
this cause that Kay, Simpson and Riddoch, and Snapper ascribe the 
cardiovascular changes 


W tftttiniWrtMi toDT E 3 TopVmin Dr S R Pelc ond the staff of the RadiolocvDeijart- 
ment for their xotued ^-operation and to llr H Latham for teehmeal es-L-tanre On^f 
«<= (S in 11 m reo ipt of a re-enreh sr^t fren the l.edinj Be-earch Council whom we have al=o 
to tlinnk for c\pf ii-o-, pn.nt-. to O O E oml 1 McM naie bj=o 
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TABLE 1 



Kaj , Simpson 
and Riddoch 
33 coses 

Present 

senes 

17 coses 

formal blood pressure 

D 

8 

Hypertension, diastolic pressure oxer 00 mm Hg 

1 

1 

10 1 

3 

Pul«o pressure, GO 76 mm Hg 

1 

3 

Piilso pressure oxer 75 mm Hg 

13 

3 

! 

1 

t c high pulso pressure in 

** — - -■ 1 

14 

40 

G 

i 

Cardiac enlargement noted clinically i 

14 1 

1 


In this paper tt© report: a study of congestive heart failure in a case of 
Paget's disease, together ivitli evidence indicating a greatly increased blood 
flow through the affected bones 


Case Report 

A n , a man aged 00, wns admitted to hospital on 22 0 44 

Hiitortj In 1030 a liard swotting appeared over the left ulna at the anst la 1936 he 
noticed that his right leg was bowed outwards, 0 months later it began to be painful In 
Fclminrj, 1041, ho sustained a pathological fracture of the right humerus while shoxetting, 
eatisfnctorj union was obtained m about 12 weeks. In February, 1943, left thigh defonaity was 
noticed uliilo III liospital On questioning he stated that his legs had swelled since 1941 , he 
had been breathless on a\ortion for the last few years, with attacks of paroxysmal nectumnl 
d> spnma for 3 months In Fobruarj, 1943, ho had been m this bo^ital with congestive cardiac 
fniluro of uno\plnincd etiology 

Exaimmiion showed a largo skull, broad m frontal, temporal and panetol regions , marked 
thickening of right humerus, w ith limitation of nght olbow mo\ ement after fracture , thickened 
left ulna , marked Oiickoning and lotoral bowing of both femora and forward bowing of the 
right tibia, tho loft leg being shorter than the nght There was gro<!s oedema of legs, tlughs and 
sacnim Jn tho cardioi asculnr system, there was thiokonmg of the fundal arteries with some 
compression of tho i oins, and tho radial arteries were slightly tbiokened There was a 
largo amplitude and good i oUune, rate 75, rhythm regular The blood pressure was 140/70 
extremities nero always loiy warm and capillary pulsation could be detected m the nau oeas 
Tho jugular x onous pressure (Lewis’s method) was raised, the heights obovo the manubrium 
diffcrmc on tho two sides, I 2 cm right and 4 6 cm left, with free pulsations Cardiac enlnrgemHit 
was modorato, tho cardiac impulse bomg 4i" from the midlme m ^th space 
murmur was present ox or tho whole pnecordium Tho hxer was slightlv 
Ibeo nuid bom? present m tho abdom^ The chest was slightly k^hotic and 
wore heard Ixnmmation of tho central nonmus system show^ 'S®Se^St»ru^lovcJ 
with absent vibration sonso m tlm loft log and 

ofT 5 0 JuxtapnpiHniy choroiditis was present m both fundi Urine bit Iv- 
or casts wore present 
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Inrctltt/ations Planns pho"pl»ata«e resdin"$ irate 82, 116 and 96 (alkalme) and 7 2 (acid) 
King innstrong units Scnnn calcium = 92 mg Scrum phosphorns = 47 mg °o Plasma 
proteins >c 6 5 g “o 4 - P albtimm, 2 3 g "globulin, and A/G ratio = 18 Blood count 
Hb S3®o(Haden) RBC4IOOOOO ’'K’BC4<W0 XentTophnpolvmorpli.'60®o I’^pljocvtes 
34 monocvtes 6% a?-ennann reaction was negative Chest X rarshoired heart transverse 

diameter = 0} ivith left ventricular enlargement and promment aortic knneUe An electro 
cardiogram was mthm normal limits SLeletal X ravs showed Paget s disea<e of bone mvolving 
skull, lumbosacral spme pehus both humen left radios and nlr^ right scapula and clavicle 
right 2nd metacarpal and os magnum both femora nght tibia and fibula, n^t navicular right 
terminal phalanx of the great toe, and left cuboid 

The blood volume bj Gregerson’s method (6) was 7 5 hties 

On 3 10 44 an attempt \ras made to study the case by the method of 
nglit anncular cathetensation Although the catheter -vras arrested at the 
junction of the subclanan and internal jugular reins, cardiac pulsations -were 
exceptionally distinct on the manometer Samples mthdiairn from thifi 
situation had a bright red colour approaching that of artenal blood and 
showed high oxygen saturation on analysis This m the presence of a 
normal oxygen consumption suggested that the cardiac output was probably 
very lugh Intravenous cathetensation was repeated on 31 10 44 The 
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patient was propped up m bed at an angle of 45° , easy passage into tlie 
nght auricle was achieved Right auricular pressure was raised { — 0 6 cm 
relative to the sternal angle as compared with a normal — 7 cm in the same 
position) The cardiac output was 13 3 htres/min In summary, then, 
we were confronted witli a case of Paget’s disease presenting the signs of 
cardiac failure, a pulse of high pressure and large amphtude, venous 
congestion and liigh cardiac output These cardiovascular phenomena are 
all features of cardiac failure in severe anaemia (13) and arteriovenous 
aneurysm The hmmoglobin reading of 83 per cent at the time of the 
observation excludes the former cause, and no traumatic artenovenous 
aneurysm was present It was thought, however, that free artenovenous 
communications might be present, the blood being shunted through the 
affected bones 

Certain measurable cardiovascular responses are obtained in patients 
noth traumatic artenovenous aneurysms Closure of the aneurysm leads 
to slou ing of the pulse and a rise of diastohc blood pressure In generabsed 
Paget’s disease, closure of shunts m the bones is obviously impossible, but 
wo tried the effect of complete occlusion of the circulation through the legs, 


TABLE II 

Data from which Fvf 1 w con girucled to ahoto method of ealculalms canltnc output 
I A V Owiren CO _ . 


Timo 


22 mm 


27 „ 

28 „ 
30 „ 
33 

35 „ 
37 „ 
39 „ 
<0 „ 
51 „ 
53 „ 
63 


BAP 
cm 
w titor 


Pulse 

per 

min 


BP 

mm Hg 


—06 

— 1 6 
—26 
—36 
—16 

—05 
—I 0 
o 1 


68 

00 

60 

60 


CO 

66 

00 

00 


120/70 

120/72 

120/76 


A V I Oxygen 
o\ j gen* consump 
difference [ tion 


c t /litre 


24 1 


26 6 


261 


25 5 


c c /min 


320 

291 

305t 

325 

310 


CO 

litres/ 

mm 


13 3 


no 


117 


12 8 


Remarks 


Cuffs on thigla mllotcd 
to ICO mm Hg 


Left leg cuff released 
Right log cuff released 


Digov-m I 5 mg C'®” 

intravenously 
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by applying thi^ cnfe at a pressnie abora systolic The response obtained 
18 indicated in Rg 1, the mode of calcnktion being shoim m Table II 
The nght atuicnlar ptessme fell mth a sloxnng of the pnlse and a fall m 
cardiac ontpnt, the diastolio pressnre rose very sbghtly On another 
occasion occlnsion of the same kmbs cansed a nee in blood pressure 
from 140/75 to 160/90, bat the poise remained imchanged at 56 per mmnte 
These reactions, thoogh variable, are somewhat similar to those we have 
observed with partial occlusion of tianmatic artenovenons aneniysms 
(onpobhshed data) 

The edect of &goxm is also indicated in Tig 1 It lowered the venous 
pressoie and cardiac ontpnt to an extent similar to that prodoced by the 





ST???,,'*"'’ mi Shaijej-sa^d, (11, w 

(dims tkd card™ ontpnt, prataHy by lone,^ 
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Lowifomnt “f ”• ^ measined mth . 

enclosing the lower third of the humerus, the elbow joint and a smXoZn 
of the upper end of the forearm An occluding cuff (not shown 
was put round the arm below the plethysmograph, and the coUectmg ci^(C 
was placed above lea^ng a gap of approamately two mohes between tS 
lower border of the cuff and the upper plate of the plethysmograph Just 
before applying the pressure to the collecting cuff the mam arteries were 
occluded by tightening a rubber tourniquet (B) between the cuff and the 
lilethysmograph 




-/-4 I-/ V M-4- 


Fig 3 Bono blood flow in normal humerus 

A and V mark tho points of npphcation of arterial and collecting pressures These produce 
Eomo transient distortion of tho traomg, but thereafter there is a slow but steady nsc, 
indicatmg tho collection of blood m tho limb distal to tho arterial occlusion The Ime drawn 
tlirough tmemg indicates tho slope of tho cimo In this, and subsequent traemgs, the 
time record is m seconds 

The blood supply of the lower end of the humerus is earned by two 
nutrient arteries, which are fairly constant in position, entermg the bone 
just below the middle of the shaft There are also numerous small vesse 
entermg the bone through the periosteum, and the epiphysis has a ew 
small nutrient arteries derived from the plexus round the joint In 
bone the blood supply of the shaft is mostly obtained from the main nu en 
arteries (1, 6, 10) The venous drainage is through a number of sma vein 
leaving tlie bone in the region of the epiphysis, and also by venae com 
rumung with the nutrient arteries By applying bands as m ca 
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Fig 2, blood collected m the soft tissues under the plethysmogiaph ■will 
represent not only that normally issning from the epiphyseal veins, but 
also that diverted throngh these channels -when the ven» comites of the 
nutrient artenes are obstructed by cuff C 

BesuUt 

1 Blood flow in normal bone When the artenal occlusion (B in 
diagram) is apphed, no measurable increase m volume is recorded in the 
plethysmogiaph When artenal occlusion is combined mth a diastohc 



L m”"*! humerus (osteita defonnans) Subject AM. 


Sr.T ^ “'^^se in volume folloivs On 
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was calculated from X-ray photographs taken in two planes In normal 
hone the total flow measured in this way varied from 0 5 to 1 0 o o /lOO c c 
bone/mmute (!Fig 3) 

2 Bone flow in Paget's disease The arm blood flow was measured m 
the patient already described The flow to the whole segment enclosed m the 
plethysmograph was 2^-3 times the normal average Measurement of the 
bone flow in the diseased and enlarged humerus showed a vezy conspicuous 
increase over tlie normal figures fB'ig 4), averaging 10 c c /lOO o c bone/ 
minute, a figure which represents the flow through the nutnent arfcenes 
alone TJie volume of bone was again measured by X-rays and the validity 
of the metliod checked as already descnbed {]?ig 5) In the same subject, 





Fic 5 Subject AH , j , u «« nrm No measurabie flow 

No flow roconloblo 


a comptinsott was made of the flow side baft 

Mda the iaha and fibela showed no ,,^d ol both sides, 

were grossly afieoted The ^ 8 8 o o /lOO o o leg/nunute. whe^s 

but oftbe mght side the ^ood flow w^ 8 ^ A ^ ^ ,100 « « 

on the left side with normal see Gases 2 and 3 

minute (Normal average 2 c o /lOO o c 1 g/ legs, as 

below) No direct measurement of the Done nos 
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It IS not possible efEectivelj to occlude the mam artenes wjuch runnm. 
between the tibia and fibula, are protected from external pressure let 
us assume that the^fference in flow on the two sides is due to the increased 
bone blood flow The total flow through the segment of leg enclosed in the 
plethysmograph was 61 6 c c /mmute in the normal hmb and 125 o c /mmufe 

r 11^ the diseased hmb was estimated 

to be 370 c c , so the blood flow through this bone was 126'61 5 c o /minute 
or approximately 20 0 c c /lOO c c bone/mmute 

^her evidence of increased bone blood flow in locahsed Paget’s disease 
has been obtained in two cases with unilateral involvement of the tibia 
In both cases the cardiac output was within normal hunts 

Blood flow in c c per 100 c c leg per minute 


(a) normal leg (6) diseased leg 

Case 2 2 2 10 (Fig 6a) 

Case 3 17 11 6 (Rg 6b) 

Applymg calculations similar to that above, the bone flow in the diseased 
leg of Case 2 was 24 6 c c /lOO c c bone/nunute andm Case 3 was 26 6 c c /lOO 
0 c bone/mmute Tracings from these two cases are shown in Figs Ca 
and 6b 


Quanlttahve considerations Hese results estabhsh clearly a veiy great 
increase in blood flow through bones affected by Paget’s disease The direct 
method employed measures the flow through the nutrient artenes only In 
comparmg the flow through a normal leg with the flow through the opposite 
leg affected by osteitis deformans, it was noted that the bone flow might bo 
increased to 20 c c /lOO c c bone/mmute, as compared with a direct reading 
of 10 c c /lOO 0 c bone/mmute This difference imght be accounted for by 
the periosteal blood supply Assummg similar proportions of nutnent artery 
and penosteal blood supphes in the normal limb, the measured flow of 
0 6 c c /lOO c c bone/mmute may well be about half the normal total bone 
flow We therefore estimate the blood flow through normal bone to be of 
the order of 1 c c /lOO c c bone/mmute, while that through Paget’s bones is 
about 20 c c./lOO c c /minute Using these figures, the total blood flow 
to the skeleton has been calculated The average proportion of the 
weight to that of the whole body is 15 % according to Skelton (14) or 1/ 
accordmg to Wibner (17) The average specifio gravity of bone has been 
taken as 1 6 (16) The body weight of the patient with generalised j 
disease was 74 5 kg , so the normal volume for the skeleton in this ® . 

be 7 45 htres X-ray photographs of the whole skeleton were ® 
and an estimate was made of the increase m volume of the disease one 
'one by one This was done either by comparmg the pbotogmp ® ^ 

diseased hone with the comparable normal, for example, the ^ 

tibia with the normal left tibia, or, when thas was not possible, a comp 
was made with an X-ray of a normal bone from an mdividua o 
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height The total skeletal volume in the case here reported vras estimated 
to ^ 20 litres, of which only 3 4 htres were normal 

In a normal subject, on these calculations, the total skeletal blood flow 
should be 74 5 c c /minute This is probably an underestimate, as bones 
with an active marrow are more vascular than the humerus In the patient 
with Paget’s disease the 16 6 litres of diseased bone should receive a blood 
flow of approximately 3 3 htres, on the basis of a bone flow of 20 c c /lOO 
c c bone/minute If these figures are of the correct order, a considerable 
part of the augmented cardiac output is accounted for by the very large 
volume of blood flowing through the diseased bones Although the nse in 
the cardiac output is not entirely due to the increased bone flow, it will be 
remembered that there was evidence of an abnormally high blood flow even 
in the leg with radiologically and chmcally normal bones An increase in 
the penpheral flow m tissues other than bone, together with the large 
skeletal blood flow would tally well with the measured nse in the cardiac 
output 


Discussion 


There has been remarkably bttle previous work on bone blood flow 
Dnnfcer, Drinker and Lund (5) measured the blood flow through the tibia 
m dogs They obtamed high figures varying from 3 6 to 41 c c /lOO g 
bone/mmute These figures are obviously inapphcable to man, as acceptance 
of the higher value would mean that more than half the total ^temic flow 
would be through the skeleton 


The date presented here indicate that there occurs in generalised 
Paget 8 disease an increase in bone blood flow of sufficient magmtude to 
produce effects on the general circulation similar to those resulting from free 
artenovraow coi^umcations Further work is required to study the 
relation between the increased flow and the radiological stage of the diease 

increases of cardiac output m cases of localised 
^get s disease (Cases 2 and 3) suggests that it is only when the disease 
becomes generalised that the circulation as a whole i greatly iL^S 
and in such cases the signs of heart failure may develop ^ ^ 


OlOOIABT 

in the affected bones ^ ® increased vascularity 


2 A method is descnbed for 
nutrient arteries of the humerus 


measuring blood flow through the 
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3 The blood flo-w through the uuteient artery of the normal humerus 
IS of the order of 0 6 — 1 0 c c /lOO c c bone /minute This value may only 
represent half the total flow, as the periosteal vascular supply is not included 
in the measurement 

4 In Paget’s disease, the bone blood flow is very greatly increased, 
up to 20 times the normal 

6 In the case of generahsed Paget’s disease with heart failure the 
total skeletal flow was estimated to be 3 3 htres/minute 

6 In two cases of localised Paget’s disease there were no detectable 
changes in the general circulation, but blood flow through the affected 
hmbs was greatly increased 
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CONGENITAL TRICUSPID STENOSIS 


By THOJIAS LEWIS * 

{Department of Cltmcal Research, University College Hospital Medical School ) 


The case now descnbed was under the care of Dr Vincent Bates of West 
ilalbng, Kent, whose cluneal record follows, and who very kindly sent me 
the heart fixed in formalin 


History of case 

The mother of the child was a ngoronsly healthy woman of 31 years , 
she had already two fine children of 3i and 2 years, and had enjoyed perfect 
health thionghont her last pregnane} There was no family history of 
heart affection, congemtal or acquired 

On February 3rd at an antenatal examination at the 32nd week, the 
normal foetal heart sounds were noted to be replaced by a loud swishing 
noise At subsequent antenatal exanunations on the 6th, loth and 22nd 
of the month, the same phenomenon wus noted 

On the 29th the mother began her labour, 3 days after the expected 
date Labour was natural, easy, and rapid, the 2nd stage lasting about 
1 hour At birth the child, a girl, cned lustily and was vigorous, being of a 
normal rosy-red colour It weighed lbs The cord was tied, and the 
baby put into the cot , 5 minutes later it was noticed to be very cyanosed 
Sfan stimulation caused loud crying, but m spite of vigorous resquration, 
the cyanosis persisted On examination a systohe thnU was felt over the 
whole of the precordium, and a loud systohe murmur was heard with its 
point of maximum intensity one mch below and to the right of the left 
mpple The murmur was not heard in the neck, left axilla, or back of the 
chest % evening the baby’s colour had improved considerably The 
hands and feet were warm and only shghtiy cyanosed 

apparently making good 

tie Momeg fa™ deys there tret htfle ohaege. Hioogh feeds itSi 
not tales jnte «, readdy The ehild’, eolonr remMed^rtS 
On the 2nd M Mateh the hahy beeenre very line 
nrpidl; became ttoiee despite lemediee, to soon grey; tesfleea, andS- 

• ^^ork undertaken with the aid of the Vedical Reseateh Connea 
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consciOTw The heart rate was regular at about 200 per minute The 

colour did not improve, and the infant died four hours after the attack 
began 

A half hour after death, a postmortem was done On opemng the 
pencardium, the sac contained about i ounce of clear straw-coloured fluid 
The heart and lungs were removed intact and put into 6% formahn The 
lungs were normal 


The heart 


The heart, when dissected clear, weighed 46 g Both ventricles wore 
enlarged, but especially the nght, which was unusually dilated, and its 
apex came near to the apex of the heart Both auncles were greatly dilated, 
but especially the nght one The ductus artenosus was patent, passing 
a small probe 

On opemng the nght auncle and right ventricle, their walls were found 
to be much tluckened (Fig 1 and 2) The opemng of the infenor cava was 
higher than usual, its lower edge being li cm above the A-V junction 
It led directly into a pocket formed by the fossa ovahs (Fig 2 Jo) and vhat 
appeared to be the eustachian valve (e v ), the latter greatly thickened and 
rounded at its free margin Only at its upper end was this valve represented 
by a thin semilunar membrane The rounded margin of the eustacliian 
valve (e v ) swept downward to become continuous with the margin of the 
septal segment of the tncuspid valve, which was snmlarly tluckened and 
roimded throughout its length The thebesian valve guarding the mouth 
of the coronary sinus was fenestrated [cs) , its free margin twined around 
the margin of the eustachian valve The foramen ovale was circular and 
3 m-m across, a valvular aperture at the front of the fossa ovahs TJio 
septal segment of the tricuspid valve {ss) was closely bound down to the 
ventricular septum, short representatives of broad chordee were attached 
to its thick rounded margin The ^eaf of this segment was irregularly 
nodular 

The remamder of the tncuspid valve lay free but was similarly and 
more grossly thickened , in this, chord® and margin were not obvious, being 
replaced by what were seemingly warty thick excrescences coveting the 
whole substance of the segment The great thickemng and nodular mar^n 
of the anterior cuqi is well seen between the papillary muscles Pi ^ 

of Fig 1, as 18 the nodular appearance of the mam sheet of this cusp c 

third cusp was represented by a mass of nodular tissue in which the papi arj 
muscle P3 ended The aperture of the valve was oval and 12 X 9 mm m 
size , it was quite ngid and the stenosed valve must have been gross j 


incompetent , ..i 

The conus was relatively small, and the entrance to it per aps 
narrow The three pulmonary valves were normal 

The wan of the left was less thickened than that of the ng v 
The mitral and aortic cusps were normal, the chord® of the orme o 
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very numeioiis and even the finest of them (mete gossamer threads) intact 
The memhranons septum iras intact 

The left anncle was much dilated bnt its \rall of usual thickness and 
otherwise normal 

Exstology Sections were cut through the valve in a number of places 
at nght angles to its free margin and stained with hcematovylm and cosin, 
and an elastic stam , the sections included the thick nodules on the cusp 


joining papillary muscles Pi and P2 of Pig 1, the septal cusp in the region 
of the letters SS, and the centre of the large papillary muscle including the 
warty looking thickened cusp to which this was closely joined above In 
none of these sections was there any appearance suggesting acute or chronic 
inflammation, or scarring Apart from mnscular attachments and inclusions, 
all the remaining tissue was alike m being made up of irregular compact 
cushions of connective tissue in thick layers and masses, uniformly and rather 
ncbly studded with oval, elongated, or sometimes stellate nuclei, staimng 
uniformly , the connective tissue fibres were arranged in parallel and massed 
to run in directions conforming to the contours and sometimes whorled 
All such masses of tissue were enclosed by a angle layer of endothehum and 
sparse subcndothehal layer, which showed the usual thin elastic lamin®, 
exactly anular tissue elements were found m sections of the normal mitral 
valve The cusps of the tncuspid valves and their nodules often proved 
less sohd than had been thought In many places they were rendered sponge-, 
hke by the penetration of irregular and lengthy lacunse , the spaces contaimng 
unchanged blood, bemg lined by endotbebnm, and commumcatmg with the 
ventnoular cavity These irregular spaces were sometimes crossed by 
pnnutive chordie on the ventricular side, and these had the same histology 
as the surrounding masses of the mam cushions Pig 3 which is represente- 
tive of most of the valve tissue is of a section of the antenor cusp cut at 
nght angles , it shows the uniformity of the coimective tissue divided up bv 
irr^ar lacunarspaces. alllmed by endothehum Sections of the unde Wed 
presented connective tissue of precisely the same kmd as that 
section The histological appearances are not those of a 

together and thickened by the 
de^sitiou of inflammatory tissue , but they are qmte defimtely those ll an 
maUormed valve It is as though the proci by which 

ite margin to form chord® has been arrested, with the moulding incomplete 
and showing irregular and under-developed lacnn® betw^n 
connective tissue, thus left m the form of folds htpoST of 

pnnutive chord® Pig 4 is of thi* rpnhvi a i t nodules, and 

cusp between Pi and P^ ifstL 

“-““r . 
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without exception were lined by endothelium only Again, there is hero 
no evidence of inflammatory changes such as the nodular state of the cusp 
seemed to pronuse, but an appearance consistent with maldevelopmont 
These two figures (Rg 3 and 4) suflSoiently represent the histology of the 
tncuspid valve as a whole 

The bases of the valve segments contained perfectly normal muscular 
tissue, as did the papillary muscles There was nowhere any sign of necrosis, 
or calcification of the myocardium, whether in papillary muscle or m the 
rest of the heart 

The ridge of tissue running up the septal wall of the auncle [ev Fig 2) 
proved to be in small part muscular, but consisted mainly and superficially 
of a long whorled bar of connective tissue, similar to that found in the 
thickened cusps, and again without any evidence of inflammation 


Diacuaaion 


The specimen here descnbed is important because it illustrates so clearlj 
how a valve, congemtaUy malformed, may appear to be affected by an 
inflammatory lesion, resembhng to the naked eye that following rliounuitic 
endocarditis It is concluded on two groimds that this particular lesion 
illustrates malformation and not foetal endocarditis Rrstly, the mass of 
the malformed cusps and chord® when examined histologically consisted 
exclusively of pnmitive connective tissue, such as was to be found in the 
undeformed mitral valve in the same case , there being no signs of superficial 
inflammatory thickening, orgamsed thrombus, or scamng Secondly, the 
lesion of the tncuspid valve did not stand alone , above it in the nght auncle 
was a curious deformity of the valves guarding the mouths of infenor vena 
cava and coronary sinus This axincular deformity, illustrating faulty 
architecture rather than distortion of pre-existing normal structures, was 
continuous with the malformed septal segment of the tncuspid valve, and 
both presented a common histological pattern Before proceeding to 
instance other oases of tncuspid valve defect, it wiU be convement to examine 
briefly and as a more general question the role which endocarditis may he 
supposed to play in producing heart lesions of the new bom 


Foetal endocarditis This has long been suspected to be the cauM o 
certain cardiac defects, especially such as are not readily inteiprete as 
instances of arrested development, but which may be supposed to 
from processes implanted dunng the later months of pregnancy ^ ^ 
time the heart has normally assumed the fully developed form w ic i 
will retain till birth Few would now conceive defects in mtemunc ar 
interventricular septum, or malposition of the mam arterial trunks, as an 
other than out of maldevelopment , naturally, it is in ^pec o a 
found limited to, or concentrated upon, a ^-arfed 

thickemng and distortion, that endocarditis is especially prone to g 
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as the causative agent Lesions of this kind that axe usually cited ate 
stenosis of the aorko, the pnlmonaty, the nutral, or more rarely the tncn^id 
valve 

The eather material gathered to lUnstrate these cases and interpreted 
as the result of foetal endocarditis has noiv but minor value from this 
standpomt, because interpretation ivas based upon \rbat may be the fallacious 
evidence of naked-eye appearances As the present specimen clearly illus- 
trates, and as many workers have previously emphasised, the origin of 
cardiac defects found at or shortly after birth may be misjudged if the 
minute anatomy remama unstudied I^scher (6) was one of the first to insist 
upon histological evidence, for nodular escresceuces on the valves of the 
newborn do not disclose the picture of an endocarditis, fresh or healed 
Many others have followed suit m emphasising the need of microscopic 
examination (Keith (11), Lewis and Grant (14), Ribbert (21) Eibherfc, 
who beheved foetal valves to be relatively insensitive to infection, and who 
was not prepared to acknowledge fcetal endocarditis other than as a very 
rate malady, pomted out in 1924 that no instance of fresh vetrucose or 
malignant inflammation had been desenhed , every care seemed to he due to 
past processes debits fmtal endocarditis being assumed to occur m the 
later and not m the earher months of pregnancy Fresh inflammatory 
l^ons would declare themselves at once The outstanding fact about 
these thickened, copied, nodular, hut otherwise smooth valve segments 

cushions of pSitive 

wnnective ^e, which have been desonbed in detail m our own case 
K«th m 1M9 expressed his view that pulmonary stenosis is not due to fcetal 
nclocatditas, precasely because of the pnnukve connective tissue shown by 
S A histological desenpkons or figur^ 

StoS f23i Grant Monckeberg (17), Father and Hubbarf^ 

fetolir (23), and more recently Gross (9) and those now presented 
TObstan^Uy agree that the distorted valves are composed of^STtn^ r 

the view that the lesions oninnafl m not condusively, against 

so firmly has the latter bpcnmo m-ni *■ a Nevertheless, 

of valve infection and inflammation w^fee ^®^hng direct evidence 

m Its support the ^ r 

endocardium or muscle, oxmttog tolofe Xt Tl T '^entncular 
mflammatory— would make the alis..T,r^ i * ** lesions— if mdeed 

the ™lT. A ril the thattmata u. 

eeeld he held to eeppJISL «>.t 

fo^dauniformnchlycellnlarco^Sivfw?^ nne:ipectedly 

diffuse fibrosis, and calcification of tte necrosis, 

ou or rue ventncular myocardium, m the 
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region of the papillary muscles that he stressed in aigumg for the 
mflammatoiy origin of all the lesions 

A number of the reported cases of congemtol aortic stenosis or atresia 
have exhibited in addition, conspicuous thickemng of the hnmg of the left 
ventricle (3, 4, 8, 13, 18, 23 and 26) It is the rule in such cases for the aorta 
above the stenosis to be hypoplastic , the ventricle may be hypoplastic too, 
and the ductus artenosus open These facts in themselves suggest an onginal 
fault of architecture , WiUen and Beck’s second case (25) can be regarded 
safely I think as subaortic stenosis Whether all these hearts were malformed 
or not, the thickemng of the endocardium, usually descnbed as permeated 


by numerous wavy elastic fibres, seems to have run to type , tliough its 
explanation is disputed For WiUen and Beck it represents old panetal 
endocarditis , which, however, is unknown in the foetus and in the adult 


occurs only with a terminal infection To Gross it is a simple hyperplasia, 
perhaps secondary to circulatory changes, perhaps developmental One 
possibibty, that I have not found named, is that the change, uith underlying 
penetration of muscle by connective tissue strands, m&y be connected mth 
deficient blood supply to the muscle of the left ventricle Tlie atresia of t)ie 
aorta suggests this possibihty , often blood could only reach the coronary 
arteries by passing back through the narrow aorta from an open ductus , 
the state of these coronary arteries is not usually mentioned, though Barber 
and Hubbard (4) say that they could find the left coronary arterj' of tbcir 
first case in sections only Whatever the cause to which thickened ventricular 
bmna may be attributed ultimately, it is not knoivn to be the result ot 
inflammation and forms very indirect and unsubstantial evidence for 


inflammation of the valve . . t 

Another feature of these same reports (3, 18, 25) is the mention of """su 

* blood filled channels, either in the thickened valves, TmIiv 

rdocardium, or deeper lying muscle , these are apt to beregarded as neu y 

formed vessels, and are used to support the idea of nmbaWc 

It 18 unclear that they are blood vessels , it would seem much mom probab 

that these vascular spaces are inclusions of layer 

are descnbed as wide or even cavernous, and to be ^ 8rK.wmcn 

of endothehum Such certainly were the spaces seen in F 

and illustrated by Big 3 and 4 , , which the present 

Tncmfid leszons Lesions the least common 

caseexemphfie8,aTe,accoT^ngtoHe3^mmCT ( 10 ^^^^ ^ precordial systolic 
Peacock (19) descnbed a bvid child, ^ i^^ed a tncuspid 

murmur when seen at 3 months , the autops}^ consequently 

valve thickened, adherent at the margins o was perforate, 

Btenosed Although the nght ventricle the Lrt of a 

and the pulmonaiy artery very large ^ ^ j^gart the tncuspid 

5 week child, who became cyanosed when crying reterauncnlar and 

w wy «man »d the heart of • 

mterventncular septa were perforate vem { 
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child dying bine and breathless 4i hr after birth A festooned, imperfect 
diaphragm represented the tncnspid valve, which was judged incompetent 
The aorta arose unusually to the right over an imperfect septum Tlicse 
three cases from the older records sufiSce to show that lesions of the 
tncuspid valve may be associated with anomahes now generally admitted 
to be defects of development 

Cases of Kniay (5), Andrew (2), Eaab (20), among the older senes, 
exemplify associated defects of pulmonary and tncuspid MacCullum (15) 
desenbed at greater length the heart of a patient dying of tuberculosis at 
30 years The tncuspid valve was ballooned into the nght ventricle, two 
of the cusps were wrinkled, folded membranes, fused to the ventncular 
wall and apparently functionless , the remaming cusp was membranous 
and formed a sort of mtervalvular chamber, leadmg by a round hole into the 
large nght ventncle A peonhanty of this heart was the large nght anncular 
appendix, opemng by two mouths into the auncle Ebstein's case is said 
to have been similar 


In Gnffiths’ child (8) of 5 jears, the tncuspid valve was profoundly 
malformed, the septal &p being quite isolated bke an inverted cusp and 
without chords , the left flap is desenbed as fixed at one comniisuro by 
confluent mdimentaiy chords, and for the rest obscured by adherency to 
large columns of ventncular muscle , the postenor flap had apparently no 
chords This case is of exceptional interest m that there was a continuity 
of the eustaoMan and thebesian valves, bnnging the mouth of the coronary 
smus witfam that of the infenor cava With our case it suggests that a 
smgle distobance of development can break the continuity of the septa] 
segment of the tncuspid valve, while simultaneously disturbing the normal 
relations of eustachian and thebesian valves 

Malan's patient (16) presented an anomaly of the tncuspid valve, two 
cusps bemg much shrunken and the third sail-bke without chords It was 
possibly congemtal m ongm but its chief mterest lies m the fact that the 
subject suTOved mihtary service and land work till his 60th year 

tneusa^-^ ^ patient (22) died at 6^ months The heart showed a stenosed 
tTe St 7 pulmonary artery iras closed. 

Is f^S JJn the soft plump excrescences 

neht without further examination He explained the small 

** had lost Its function I have a specimen 
Se ime pulmonary stenosis m a child dying at about 

the neht ventncular septum mtact, m which 

pnnnii^ 1 thickened with hypertrophy it had 

septa! ^he 7th day, the 
without chordse and c^vn^n underlying myocardium 

papillary endocardial r auncular surface a mass of irregular 

P ly endocardial ontgrowths of gelatmons appearance, arranged in 
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rows and extending along the other cusps as well as on the free borders of 
the pulmonary segments The structure of all these nodules was an abundant 
fibrillar matnx, covered by a single layer of endothehum, and showing no 
sign of inflammation or hyperplasia Thfs case report may be set against 
Sternberg’s, emphasismg as it does the occurrence of nodules in conditions 
of the endocardium that are non-inflammatory m ongin, and thus impressing 
the insecurity of conclusions based upon mere inspection 

The bnef comments here attached to these case reports will sufiSce to 
brmg the relation of foetal endocarditis to disease of the tnouspid valve into 
hne with the more general discussion preceding it The problem is in each 
case the same, and the evidence points similarly to the conclusion that 
foetal endocarditis as a causative agent has acquired too much pronunonco, 
the lesions found being predommantly those of faulty development 

Summary 

An illustration of tricuspid stenosis in a newly bom child is described, 
which, while resembhng that resulting from endocarditis macroscopically, 
proved on nunuter exarmnation to be a congemtal malformation A bnef 
review of previously reported cases of valves deformed m early hfe, including 
cases of tnouspid deformities, leads to the conclusion that these are usually, 
if not always, the result of congemtal malformation 
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Fig 1 Twice not fize Photograph of the heart with the antenor waH of the nght I'entncle 
rcmoicd S \ C = oupenor cava A = aorta Pu = pulmouatv arterw PI P2 and 
P3 the three chief papaiarv muscles S5 = apetal cuap of tncuspid valve 
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Hfn jlemoriam 


Thosus Lettk Kt, CBE, MD, DSc, LLD, ERCP, PRS, 
Physician in charge of the Department of Clinical Research, Dmversity 
College Hospital , Pello'sr of University College, London 


Sir Thomas Ifims died m his 64th year at his home Clearbnm, 
Londirater, near Rickmansirorth, on March 17th, 1945 By his -wish he \ras 
boned in Llangasty Chorchyard, Breconshire, overlookmg Uangorse Lake, 
■vrhere, from his boyhood, he had gone again and agam to be mth mid 
creatures Dnrmg his life he had accomplished much , he had won 
mtemational fame as a clinician and as a physiologist , his work had wntten 
new chapters m the mechanism of the heart beat, m the behanonr of blood 
vessels and in the mechanism of pam What perhaps gave hinn most satis- 
faction at the end of his life was the knowledge that the cause to which he 
had unsparmgly devoted his life was won , that the ideal of clinical science 
was inspiring men of abihty , that opportnmties for devotmg a hfetime to 
its pursuit had been created and were likely to mcrease , and that the men 
whom he had inspired were united m a detemnnation to further its end 


Thomas Lewis was bom in 1881 at Cardiff, the home of hia 
fathe^ Henry Lewis, a distmgrashed mi ning engmeer and colheiy owner 
M a boy he was ^ncated largely at home, for his health had not allowed 
^ to remain at ^on College to which he had gone at the age of eleven 
He cared less for books than for roammg the countryside m search of hvmu 
m particular birds It is perhaps to these early mterests 
^ traced his unusual manual derfenty. and his immense capamly 
or ongmal ohservatio^ and to his early freedom from the confonmJy 5 
a large school may attnbnted some at least of the mdependence of ontbok 

which uus later to distmguish hnn so sharply from his feUows His medical 

’■T'r ■> SdS 

career of consnltmg pracSe the flamp chosen a 

Megc, applying the methods of phtmoloErto fn 

which he wee enciu.tenng m his hospi..,%»„‘’^|^ m~ 


% 
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the influence of respiration on the artenal and venous pulse marked the 
turning point in Lewis’s career, for in 1907 they brought him into contact 
with James Mackenzie, then newly arrived in London from Burnley 

In later life Lewis spoke of no man with greater admiration and 
affection than of James Mackenzie, and it would seem that these feehngs 
were returned by the older man, for when as a result of the activity of the 
group he had stimulated, the journal “ Heart ” was bom, Mackenzie asked 
Lewis, then 27 years of age, to be its editor The two had certainly much 
m common Years later Lewis wrote ** The life of Mackenzie was devoted 
with rare smgleness of purpose to his adopted profession The patient 
was the lodestone of all his work Gifted with a vigorous and impressive 


personality, and possessed of imusual faculties of criticism, he ivas mtolerant 
of authoritative statement and of traditional utterance, combative m 
argument, yet open to conviction In him a mmd tummg mcessantly from 
the known to the unknown, m him a vision ever searclung the great veil 
In discrimmatmg known from unknown, his mdependent mind showed 
masterly power , in piercmg the veil his vision was of unusual keenness 
He possessed remarkably the gift of stimulatmg others , to know lum 
intimately was to imbibe his spirit , his was a rare eagerness to impart 
knowledge” These words might have been wTitten of Leivis himself 
There are remarkable similanties between the careers of these two great, 
perhaps the greatest, figures of British Medicme of the present century 
Each left the rugged country of his birth and boyhood to do bis Me b work 
m England Each had m full measure the ardent uncompromismg spirit 
of the crusader, the covenanter, the reformer, and each sought the same 
end, the advancement of precise knowledge concemmg disease and the 
abohtion of the remnants 'of mediaeval quackery Even the subjects ^hcir 
contributions to knowledge comcided, for m two of the three major fields 
of his work, the study of irregularities of the game 

Mackenzie Fmally, and by a strange irony, each fell a 
disease coronary artery thrombosis, to whose elucidation each haci 
contnbutedsomuch There were differences of course 

work was done m the hours he snatched from a 

work was of great and lastmg importance to the ^as 

problem then 
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Mackenzie's mmd iras to understand that total and persistent irrcgnlanty 
of the heart which he had shown to be pecnhar in reacting to digitahi, 
which revealed no trace of anncnlar activity in polj graphic records and 
which he attributed to nodal rhythm A new line of approach was needed 
and the stnng galvanometer recently introduced by Emthoven seemed 
promismg Lewis mstalled the new mstnunent at University College 
Hospital m an ill-ventilated cellar, meant for eharwomcn'a implements, 
the only accommodation that coidd he provided for him Results came soon 
As he himself relates, “ m 1909 a man came to my out]iatients suffering 
fixim parosysmal tachycardia , I won from him what, m that jear, nas 
unique, namely a complete senes of venous and electrocardiographic curves 
in and out of the attacks These records gave a startlmgly plain record of 
true nodal rhythm ” “ These records were of tegular tachycardia and 
thus sharply focussed attention on the weak pomt of Mackenzie's hypothesis 
namely its inability to erplam the irregulanties of the ventricle , they drew 
the focus of attention away fiom the mtncacies of jugular curves whero it 
had rested too long " The first stage m the recognition of anncular fihnlla- 
tion m man came at the end of 1909 with a comparison of the electrocardio- 
graphic and polygraphic records obtamed m human disease with those of 
the condition that had been expenmentaUy produced by Cnshnev m" the 
dog, reveahng a long lost of features identical m the two senes . and providinc 
a hypothesis esplammg for the first time much previously obscure It 
^ characteristic of Leim that he thought the evidenJe incomplete 
^ammg that irreg^nty of the heart ocemred spontaneously in old homes 
and S re^ds from a^als tethered m the mews outside his laboraroS 
and, fedmg them identical with those m man, followed an old hnrsA Y 
slaughter on Salisbury plam where, when th; cheTwas onenArL ^ 
unmistakably displayed the auncle m fibnDation ^ ^ 

Lewis now pressed forward with mtense enprin- 
new path of research, so that^ the world soon knfj him 
of the very first rank Workme ^ ™ 

collaborators visiting him for a vear he nmvAd Bometunes with 

.pn»d ttopgh tl,» tp,s„e 

electncal changes m the several parts of the tunmg the 

^ awarding the Copley Medal to lli™ m 1 precision 
Society (Sir Henry Dale) said of this woS “ 

ranks as one of the outstandmg achiereLnte ^ itself this work 

in onr tunes, and it has mven to ^ of experimental physioloirr 

detailed ^owledge of the nature of th? heSt\p^t^ present 

remar^ble as bemg the work of a practisma *“ore 
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pmciplea of electrocardiography, and of his conclusions only one. that of 
the form of the human electrocardiogram m nght and left bundle branch 
block, has failed to stand the test of time, only one feature of major 
importance has subsequently been added, that of the changing rentncular 
complexes foUowmg myocardial infarction 

* The first World War broke m npon Lewis’s electrocardiographic studies 
and led to the second phase of his work In the wmter of 1914-16 
arrangements had almost been completed for him to command a Welsh 
Military Hospital m Mesopotamia when he was mvited by the Medical 
Research Committee to take charge of work on “ soldier’s heart ” Tins 
work was earned out first at University College Hospital, to which he had 
been appointed assistant Physician m 1912, later at Mount Vernon Hospital, 
Hampstead, and finally at Colchester The work of Lewis and his team on 
soldier’? heart, or as it was re-named, ejBfort syndrome, had several 


important consequences It led to a clear description of the condition, 
though not to its cause, and to its treatment by graduated exertnsc It 
led to a 8cientifi.c exammation of the criteria for the diagnosis of 
organic heart disease that was subsequently of great importance to 
practice Further, findmg himself deprived of his laboratory faeihties, 
Lewis began to employ the experimental method m observations on 
the human snbject, using the simplest apparatus, m a way that ues 
later to become so stnkmg a feature of his work The most important 
immediate result was his discovery of the mdependent contractihty 
of the capillaries published m 1917, a discovery contemporaneous vitU 
that of Flbbccke And for himself it led to his entermg the Medical 
Research Council’s full-time service m 1916, and thus abandonmg finally 
and without regrets all pnvate consulting practice, on w’hich, except for 
the three years of his Beit Fellowship from 1910-12 he had previously 
depended for a living For ins work on “ soldier’s heart ” and as 
consultant to the Mmistry of Pensions Lewis received the C B E in 1620, 
and was knighted m 1921 


This period, of the clmical study of heart disease and related conditions, 
was completed after the war by the follow-up m his outpatient department 
of 1,000 war pensioners with heart disease, concluded 10 years later by 
Grant, with the loss of only 13 records, and with the follow-up of 600 cases of 
effort syndrome for 6 years hy the same worker, thus providing the most 
complete records extant of the course of these diseases Lewis now returned 
for a time to experimental electrocardiographic work, demonstrating that 
flutter and fibrillation were the result of the excitation wave passing round 
and round the mouths of the great veins, the so-called circus moycraent 
desenbed earher by Mayer in the umbrella of the jelly-fish and by Alines in 
preparations of cold-blooded hearts This bnlhant scientific analysis 
concluded, Lewis abandoned electrocardiography and never retunied to i 
He had, he felt, exploited to the full the new method, as he said the cream 
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■oras o£f,” and he had become "Sreary of having his mvestigahons limited hy 
an elaborate instrument 

Now, aged abont 43, he reverted to ius study of vascular reactions of the 
skm begun at Hampstead m 1916-16 Withm three years bis work had 
opened an entirely new chapter m our knowledge of the behaviour of the 
penpheral vessels and it was derived largely firom observations on the skm 


of hvmg men Chief amongst the new discoveries was the common pattern 
of the reaction of the skm to mjury which he called the tnple response and 
identified as due to the release from the mjured cells of a histamme-like 
substance The methods successfolly used to elucidate the behaviour of 
normal vessels were next apphed to a study of vascular disease, and 
Baynaud’s disease and acrocyanosis soon yielded to the new attack These 
diseases, previously ascribed to a disorder of the vasomotor nerves were 


conclusively shown, and by a bnlhant nse of the espenmental method 
with the simplest apparatus, to he due to a local fault respectively m the 
digital artenes and small arteries of the skm, an over-reaction to cold 
Work on arrested blood-flow to the limb revealed the difieiential paralysis 
of nerves subaervmg different functions, work which when correlated with 
experimental stndies of nerve conduction rates by others has added 
materially to onr knowledge of the relationship of nerve-fibre size to function 
The pam of mtenmttent claudication was shown to be due to a chemical 
substance released by muscular contraction, a findmg which Lewis was 
quick to perceive also applied to angina pectons 

The work on obstructive vascular disease led Lewis to his final mterest 
pam After completmg the work on mtenmttent claudication, he turned 
to a study of skm pam and showed that this was of one type, easily 
distmgi^hed by its quahty from deep pam, which work frrom his laboratoiy 
agam showed to he of one kmd irrespective of the nature of the deep tissue 
from which It arose He demonstrated the mtervention of chemical agents 
not only m the production of entaneons pam, but also m the widespread 

on reflexes m fibres not previously known and which he named the 
nocifensor nerves Work from his laboratory hy Kellgren aiSSS 

of ™r o. 1939 oodod Om eiotog .„d ho^ 

Lc'wjs iras methodical and in his "irort a 

came the penod of mdecision lastmg oftet for weete \ uT 

considered what he was Bom<r tn iln i, 4. ^ durmg which he 

and fretful and it ^^ody 

room, stand silent for a few mmntes with lowenif^iT appear m a 

his mmd made up, work began and Pass on Then, 

udoirupt .,s 
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outpataent department once a week In Ins early years he norked extremely 
hard all day and often into the night m the laboratoiy and then for the 
rest of the night and mto the early morning at home analysing and recording 
results Sundays and puhhe hohdays were grudged as tune uasted Tins 
went on for 10 months out of every 12 But for two months he was on 
holiday and then he would leave medicine entirely behmd him and, no less 
intensely, observe and photograph birds After his first coronary thrombosis 
in 1927 the pace slackened a little , he went home about five, and to bed by 
midnight, and he took up a shghtly less exactmg pastime, fishuig, hut the 
pattern remamed the same Eelatively little of his work was vasted, 
for he was an accurate and penetratmg observer and he made concise notes 
in his own hand on anythmg he saw that mterested him, often laying them 
aside to be put together at a later date While the experunents were still 
in progress he would start entermg them up for pubhcation, so that the 
final paper was often ready withm a week or two of the work bomg ended 
The full evidence was published, usually in this journal, a senes of papers 
hemg often followed by a more general account in one of weekly jounials, 
so that the import of the new work should he conveyed m simple terms to the 
medical public FmaUy he never abandoned a field of work without 
summarising his own and previous work m a book The Mechniusm and 
Graphic Begistration of the Heart Beat, The Blood Vessels of the Skin and 


their Besponses, and Fain are stdl the most complete and authontntivo 
works on these subjects, while CJhnical Disorders of the Heart Bent, Chnical 
Electrocardiography, Diseases of the Heart, and Vascular Diseases of the 
Lambs have won their place in the libranes of countless students ami 


practitioners 

Such in brief outlme was Lewis’s scientific work, told by himself m more 
than 230 papers and 12 books, work which the world has recognised as 
having opened out new viewpoints in every field he touched In his earlj 
years, this work was to Lewis all that mattered It is true that lie 
religiously saw and cared for his in* and out-patients and he taught his 
students, for these were the duties of his ofidee as physician to University 
College Hospital He made few ftiends, and these chiefly amongst his 
senior scientxfic colleagues whose work and judgment he respected 
few of the young men who came from all countries to work with him and 
almost none of his students knew anythmg of the man But mamage m 
1916 to Loma Trehame James cracked the hard shell of dedication to uork 
alone and released for wider easier friendships his underlying warmth of 


A further change came after his first coronary thrombosis uhen in the 
long convalescence from this illness and away m the tranqnihty o i 
countryside, he had leisure to thmk over his work and , . 

future He saw that he might die leaving much work not done te 
feared lest the vast mine of knowledge which his pioneen^ wo ^ 

to open to the world might then be left to close agam He saw that if 
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TTork were to contimie after him, it was not enough for him to set the example, 
hut that he must attract recrmts to tram, and that he must foster a movement 
to apply the methods of science to the study of disease m man The plan 
matured slowly, for Lewis never acted without due consideration, hut m 
1930 it was laxmched with his customary vigour In that year he changed 
the name of his department to the Department of Clinical Research, and 
induced the Medical Research Council to make a statement m which they 
declared their pohcy of attractmg men of ahihty to climcal research and of 
mamtainmg them. He published m the British Medical Journal an article 
entitled " Observations on research m medicme , its position and its needs ” 
m which he stressed the difference m outlook and trainmg of those profitably 
engaged m curative medicme and of those m the advancement of medicme , 
and made a strong plea for the recruitment of workers and for establishment 
of posts m the latter field Rmally he established the Medical Research 
Society, to bnng together whole-time workers m climcal research to present 
the results of their work for mutual criticism and discussion The new 
movement did not lack cntics , but Lewis was not daunted and returned 
to the campaign m his Harveian oration of 1933 on “ Clmical Science ” 
and m his Husley lecture m 1935 on “ Clmical Science withm the Umversity ” 
These, together with two other kmdred lectures, he repubhshed as “ Research 
m Medicme ” m 1938 


A ]oumal was needed for the pubhcation of papers dealmg with all 
aspects of clinical science, and I^wis decided for this purpose to enlarge the 
scope of Heart and change its name Rrom 1908 onwards he had been the 
first and only editor of Heart, its chief contnbutor, and the mainstay of its 
scienMc repute After his first illness Lewis, with the agreement of the 
pubhshere who were also the owners of Heart, had transferred the 
responsibihty for the appomtment of editor to the Medical Research Council 
^ next step, m 1931, was to change the title to one nammg more clearly 
the purpose he had m mmd “ Clmical Science » was chosen, for chmcM 
science first used by Sir James Paget, was the term he had selected as 

resn™lyf?T'“.f ® aims of the journal audits contnbutors Editorial 
responsibihty for the journal was transferred to the Medical Research 
Society m 1939 Largely through Lewis’s efforts, through the munificence 
1 , I’o^dation, and with the generous cLperetToTof ?he 

publishers there seems every prospect of the foU ownership of the loumal 

hS enf “l hands, thus completing the plan wSch W 

had entirely conceived and so largely executed. 

work ta ^ 

them finally fit for pubhcation As before he deemed 

standard of expression from his contnbnto«^n^*<^°^^'*^*^ 

strongly that an editor was responsible^ohL readers a^®^’ 

of expression, no ambigmty^of meaninu looseness 

xudundancytoappearinS His 
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pencilled on the mannacnpt and few papers finally annpjirpfl 
on^al form While such methods were sometimes resented as interfering 
with individuahty m style, most wnters tv ere grateful for hia tutelnce 
c in his ^ter years Lewis became mtensely mterested m medical 
education He had always taught his students conscientiously and his ward 
rounds were models of method m ehcitmg the chmeal facts, and of clear 
logic, but classes were small because he scorned exammation teachmg and 
awed his students As he grew older he began to unbend Por one tear 
he took a special class on Chnical Science, lectures which he later wrote up 
m book form Of this class a substantial number have smee made tlicir 
name m scientific work Early m the recent war he took charge of all his 
school’s students in their first clinical year who had been evacuated to 
Cardiff, supervising their whole clmical mstruction He UToto up his 
considered views on Medical Education, as dehvered to the Goodenough 
Committee, m lecture form m the Lancet m 1943 His “Eterciscs m 
Human Physiology ” published ]ust before bis death, is the first constructs o 
attempt to co-ordmate pre-chnical and chnical education 

The exceptional achievements of Lewis dunng his hfetunc ucro those 
of no ordmary man It is true that his father was a man of means, and that 

poverty never dictated his career , that his wfe was a very able woman uho 
with sympathetic devotion lifted many of the cares of faimly life from him , 
and that he was fortimate m his early association with men of the cahbro 
of Horsley, Starhng and Mackenzie Similar circumstances have been 
enjoyed by many men who have achieved httle In the final analysis 
I/ewis’s achievements were due to his exceptional ahihty and above all to 
his character He used his hands precisely and with appreciation of 
material , he was skilled m the use of tools and machmes , he wrote when 
he wished a fair hand , he drew accurately and pamted well, though ho had 
no hkmg for the subtleties of the modem school , his eyes missed nothmg, 
and he could teU details of colounng m a small bird 60 yards away He 
had a retentive memory holdmg details of papers be had read long before 
His clear and logical mmd, relentlessly distmgiusbed what was fact and what 
was hypothesis, assembled critically all relevant evidence, then formed its 
own fiTin judgment Those who had the good fortune to work in his 
department know that even yrhen he was disousBmg a problem outside his 
own immediate province, his cnticisms were so apt and his suggestions so 
sensible that he seldom failed to help Yet it was not so much this high 
natural abihty that distmguished Lewis, as the way m which he used it 
He was, as has been mentioned, a tireless worker whose only real happmess 
lay m achievement Moreover he always saw, at first mistily, and then ever 
more clearly the goal at which he was aimmg and allowed nothmg to deflect 
him from his purpose He felt he had a mission m life which was to achieve 
those thmgs which lay withm his abihty to J 

appreciated though his contemporanes did not He ^ j j 

somal mtexcourse because it wasted time, and made few friends until 
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later years \rlien he formed ^varm attachments "with the younger people 
■vrorkmg m his field , and they had reason to know how affectionate and 
considerate a friend he conld be He never undertook work which lay 
outside his central purpose and which he knew others could do as well as he 
Except for his diligent service on the Council of the Eoyal Society and on the 
Medical Besearch Council, he avoided committees He refused to give 
testimonials to students or, except on very rare occasions, to see patients 
in whose disease he was unmterested or who were not admitted to his 


hospital service When he was busy with an observation or experiment he 
allowed no mterruption, however exalted his visitor , when deep m thought 
at the lunch table or m the corridor, it was a lesson soon learned that to try 
to make conversation was to court a look and a few cutting words that soon 
closed the incident As a consequence Lewis was often regarded as cold 
and unfriendly and narrow m his outlook But those who appreciated the 
man and his work knew that such was the price that he had to pay for what 
he had set out to do , and those who gamed his friendship and who knew 
him m his leisnre, devoted to his wife and three children, knew a warm- 
hearted man, whose support once gamed was nnstmted, and who was a 
dehghtful and witty conversationalist on many topics Outside his work 
his chief mterest was m natural history and m practical matters He was 
an anthonty on birds, having made one of the finest collections of photographs 
of them m the country, and he knew much of the pecuhanties and habits 
of out common wild animals To hear him discourse on the prmciples of 
coujunng or of billiards was to know that he never developed an mterest 
vithout the urge to master the subject In poetry, music, art, drama and 
philosophy he was not really mterested and they occupied httle of hm 
leisure Essenfrally practical m his outlook Lewis had a shrewd busmess 
sense and could drive a hard bargam AU his ventures both scientific and 
administrative were soundly conceived and soundly executed , what he left 
was sohdly built 

FeUowship of the Koyal Society, and its Royal and Copley Medals But 

none of them gave him so much satisfaction as to see a job weff done for 
Lems was a craftsman m all he did j • cu uuub, lor 

u™ ’‘SI'* tOKm^iy thiomW m 1927, luB second m 1935 

T!’ 1*. Its leisnie spent m tront fislnng “ 

followed by a pulmonary embolus soon after CShnstmas The meanm r 

r .cs r4.-^rni“ r -rrs oi 

out of doors and stnving for tecoveiv On the 

last coronary thrombosis and deatt ^ 

for him it was his best or nothing ® Always consistent, 

® G W P 




AIIERGY in INFANTS’ SKIN TO DIPHTHERIA TOXIN 

By G PAYIANG IVRIGHT and W M CLARK 
{From the Department of Pathology, Guy’s Hospital Medical School ) 


It is now known that in early infancy the Schick test is unrehable as a guide 
to the level of unmunity to diphtheria This conclusion, which is of 
considerable importance in epidemiology, smce it affects the interpretation 
of most of the earher observations on congemtal passive immunity, has 
been reached mamly from comparisons of simultaneous skm tests on mothers 
and their infents — more particularly when these tests have been earned 
out m conjunction with titrations of the antitosm concentrations in the 
sera of both The results obtamed by earher observers, together with those 
obtamed by us, are given m summary form m the following table 


Compansons of SeKvJ riaelwns tn mo(her« and xnfania 



Infants 
aged under 

Mother -f-ve 
Infant -fye 

Mother — ve 
Infant — ve 

1 

Mother -t-ve 
Infant — ^re 

Mother — y e 
Infant -{-ve 

Riih and McClelland (1C) 

7 days 

20 

76 

4 

1 

Kuttner and Ratner (11) 

14 days 

4 

39 

7 

0 

Cooke and Shaima (4) 

10 days 

69 

204 

34 

I 

Greengard (6) 

14 days 

22 

1 « 

33 

0 

M nebt and Clark | 

S days 

06 

1 56 

21 

0 

Totals 


171 

419 

69 

4 


Prom this table it can be seen that the reactions of mothers and their 
newly-bom infants often differ, and that the disagreement is due almost 
entirely to the failure of the diphthena torm to excite a positive response 
m many infants of Schick-positive mothers This lessened glnn reactavity, 
which m its extreme form has been termed " energy ” by Pnedemann (5), 
was present m more than one-third of the infants of Schick-positive mothers 
examined m these five surveys 

There are no grounds for behevmg that the energy shown by these 
infants to diphtheria toxm is due to its specific neutralization by circulatmg 
antitoxm, as occurs m older Schick-negative subjects Several mvestigations, 
notably that of von Groer and Kassowitz (7), have shown that the 
concentrations of antitoxm m maternal and cord blood are the same or 
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almost the same jn nearly all instances Even though a few cases were 
recorded by these authors m T^Wh the antitoxin in the cord serum was 
higher than that in the maternal, such exceptions cannot account for the 
fact that positive reactions are almost alw'ays uniformly smaller and more 
transient m infants than m their mothers It seems almost certain too, 
that this energy is non-specific in nature, for its occurrence with the Schiclv 
test m newdy-bom infants is only one example of the irxesponsiveness of 
their skins to certam kmds of imtants Other mstances of anergy have 
been demonstrated for streptococcal erythrogenio toxin (Dick test) hj 
Cooke (3) and by Paunz and Csoma (14), and for quinme, turpentme, iodoform 
and other substances by Adelsberger (1) 

In spite of its interest m relation to the general problem of the reaction 
of the skm to m]ury, and its significance m estimatmg degrees of immunity 
to diphthena m infancy, httle attention has been given to the factors 
underlying this anergy The present paper records the results of some 
experiments that we have made to find out m what ways the reactions 
caused by various irritants and by histamme m the skins of newly-born 
infants iffer from those m adults 


TAc reactions of infants' shns to histamine and other factors causing mmedwte 

responses 

If hBtamme aoid phosphate (1 or mjscted mtrs- 

demaUT m 0 1 oo doses into the sknis of newly-hom mfants, the Inple 
reeporJ desonhed by Lewis (IS) can be seen to develop in exactly t he 
way as m adults With smaller amoante of the drug, essentiahy similer, 
bnf less mtenss. reactions develop If the infant's 

outer edees of the flare are often not easily distmgoishcd, but in pale infants, 

^0 reS the flare may attain a bnlhanee and ^ 

^^rmoltosi^biects Thereare,however.two^or^n.terf« 

which distmeuish the reactions m newly-hom mfants ( ) 
^:trtse,rd (n) their more rapid rate of fatog Nev^ 

It these diflerencee, it is dear that the to of older 

be due to insensitivity of the skm vessels to histamine 

Nor IS the energy due to any iMiediate responset 

release histamme-hke substances on mjmy caustic soda, and bv 

can he evoked by chemical imtants, ® Further we have found 
physical agents, like mmor “f ST Lnd Kustner (15) 
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adults With these reactions, hoiv-ever, as ■with those from histamine, the 
flare and -wheal disappear sooner m the infants 

Prom the ease "with -which these reactions are evoked, it is clear that 
energy cannot he ascnhed to any mahility of the infants’ skins to release 
histamme-hke substances on mjnry Nor -would this be espected from the 
observations of Hams (8), -who found that the skins of premature and 
newly-bom infants contam relatively large quantities of histamme-like 
substances 


The reachone of infants’ stins to irritants causing delayed responses 

Although the direct responses described above tend to be more transient 
m newly-bom infants, their mtensity at their height is fully as great as that 
m older subjects The phenomenon of energy is essentially associated 
-with the delayed type of response to mjury, -which only begins to appear 
after a lapse of several hours and reaches its culmmation much later still 
The cause of the latency is not known, thou^ we have provided e-ndence (23) 
that m the Schick test more than 13 hours must elapse before the toxm 
becomes fully fixed by -vulnerable cells, and that a still longer interval is 
needed for this fixed toxm to mj-ure those cells sufficiently for them to release 
vaso-dilator substances m amounts adequate to produce -nsibly recognizable 
reactions Were diphtheria toxm to be removed from the site of mjection 
by cutaneous vessels more readily m young infants, the loss of a greater 
fraction of the test dose durmg this long latent penod before fixation would 
lessen the mtensity of the ensnmg reaction Although the fluid blebs 
foUowmg mtiadennal mjections disappear more qmcldy m infants than m 
adnits. this difference cannot whoHy account for the energy, because the 
6^ of ne-wly-bom infante are also less responsive to the physical stimulus 

capable of evokmg delayed responses 
This observation was first made VoUmer and Frankenstem (20) , we have 

varymg m age fium birth to t-wo months, 
and our findmgs are m agreement with theirs An exposure to a metcurv* 
vapom lamp at a distance of 30 cm , through three ap^tures, for 1 2 a^3 
S ’ ^"71 ‘^‘’^tently graded reactiL m the 
cMi^nagedfromsixweeksupwards Below this age, however themmlfa^f 


to depend open tie «.me ‘S 1°°? 

the delayed resnonses of j n ages un the other hand, 

Koddy m older eobjeets, hot. mth dXol“ m 
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■oJrMme'loS wLh 

associated mVh totanuoe-Se^iZn ^ esseatally from that 

m the sto for some I™ “h T 

vaso-ddator suhstances eoaoer^en; mWdrom S ''® 

more rapidly, m the shna of infanta, so that they fcil^to°Lta'”°Ik'* 
ooneentration needed to evoke a chaiaetenstio responi ° 

On the posmbihty of the first alternative, ive have no fiirther m, l 

o ring forward, on ‘to second, certain relevant information is available 

*a 1 on the rate of development of immediate responses shoa 

o/oM doTOlop jurt as rapidly m the skins of newly-bommfants as m those 

hltel” Tt’ u ,°“"“'Jnontly, there is no reason to hehevo that, if 
tota^e-hke enhstances are also responsible for delayed reaetions, they 
would bo released more slowly in infants’ skins On the other hand, such 
mtants stos do possess structural features which miglit weU promote the 
more rapid removal both of any mjected substance and of any vaso-dilator 
substance released locally Rub and McClelland (16) found that greater 
pressure is required to dehver the test dose of toxm mtradermally m infants 
than m adults, and that the resultmg bleb is smaller and disappears more 
quickly Our own observations are m agreement with theirs Kuttnor 
and Batner (11) also suggested that anergy is due to the prompter removal 
of the toxm from the site mjected 


The blood vessels of the human skm at vanous ages have been exoramed 
by histological and mjection methods (18, 19), and by transiUummation 
(9, 10, 17) The progressive changes m the skm cmculation m the first 
few weeks of neonatal life are particularly clearly shown m the illustrations 
published by Schwalm At birth, the mterpapillaiy down-groirths of 
dermis have scarcely developed, so that httle tissue separates the sub- 
epithelial basement membrane from the rich network of nunute vessels 
m the conum (2) Withm a few weeks, the epidermis thickens, and an 
interdigitatmg zone formed by epithelial down-growths and capiUary- 
contaimng papillary up-growths becomes more conspicuous The formation 
of this zone thus removes the basement membrane, and therefore any 
flmd mjected mtradermally, to a greater distance from the mam group of 
imderlymg vessels, and especially from the relatively permeable venous 
plexus 


To ensure that these earher observations were pertment to the present 
discussion, we compared the histological appearances of the skins of six 
infants, aged from birth to 14 days, with those of ten adult women The 
specimens were removed 'posf mortem from the sites used for Schick testing, 
and were stamed with hsematoxylm and eosm, and by Mallory’s connective 
tissue method In the infants’ skms there were many large smusoidal 
vessels, with walls formed by a smgle layer of endothelium These vessels 
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lay dose beneath the basement membrane of the epithehnm, and were thus 
very dose to the layer of the sfanthat -wonld receive the bulk of any flmd 
injected mtradermaUy In the skma of the adnlt -women, the vessels -were 
mnch fe-wer m nnmber, and generally mote deeply placed Those m the 
Tipper layer of the cormm -were capillary m character, and only occasional 
vessels m the deeper layers -were m any -way comparable in size -with those 
seen m the infants , finm the mnscnlar stmcture of their -walls, these larger 
vessels seemed to be small vennles No attempt -was made to measure the 
vascular absorptive areas m the skins at the two ages, but it is dear that 
that of the infants is much the more extensive 

Part of the anergy to diphtheria toxm m early infancy may thus be 
attnbutable to an unusually rapid escape ficom the site, of the substances 
concerned m the various stages of the reaction Ruh and McClelland 
specifically mention the removal of the toxm itself, but if this vascular 
explanation is to suffice for delayed reactions of all kmds, the vaso-ddator 
products of cell mjury must be removed at least as effectively Even 
were the latter not so diffusible as histamme acid phosphate, the mtensities 
of whose action were found by Lewis and Grant (12) to differ considerably 
m cool and warm skm, they are hardly likely to be less diffusible than 
diphthena toxm which has a molecular weight of about 70,000 Operatmg 
m both the first and second ways, the highly developed vasculature would 
lessen the mtensities of the delayed responses caused chemically by toxins 
and physically by ultra-violet hght m newly-bom mfants’ skms 


ouanuBT 

The low reactivity of newly-bom infants’ skins to diphthena toxm is not 
due to any insensitivity to histamme, or to mabihty to exhibit the typical 
tnple response on mji^ Smee similar anergy is found m other foiSs of 
delayed response at this age, such as that produced by ultra-violet hebt 
^e mecha^m underlymg these responses may differ from that concS 
with immediate reaefaons, and may not become fuUy functional until some 
weeks after birth It seems likely, however, that tL lesS Sm rea^v 
seen m delayed reactions m mfants is tmi+w i ^ , reactivity 

of Mjooied .„d of ^o-i, cr “ 
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ANATOMICAL CHANGES IN THE LIVER AETER TRAUaiA 


By E G L BYWATERS * 

{From the MFC Clinical Research Unit, Royal Victoria Infirmary, 
Naocastle-on-Tyne, and the British Postgraduate Medical School, 

London ) 


Tttt! descriptions of anatomical changes after tianma have been largely 
vitiated by lack of adequate clinical details , “ shock ” has been thought to 
he a sufficient chnical description of the often multiple derangements of 
function foUoinng such different lesions as lacerations -with mtemal and 
external hamorrhage, severe fractures mth fat embolism or muscle necrosis, 
crush mjunes, bums or visceral damage The purpose of this puhUcation 
IS firstly to present an account of the anatomical changes found in the liver 
foUowmg crushmg m]ury, severe firacture and several other types of trauma 
and secondly to correlate these changes with the functional aberrations 
observed dunng life 


Material and methods 

Material was available from 24 cases dying after crushing mjuty with 
prolonged compression and from 18 cases dying after severe injury not 
mvolvmg prolonged compression, mamly fractures All cases except 
No 26 were known to have muscle necrosis , m cases 1-26 this was 
considerable (about a kilogramme) A much smaller amount was necrotic 
m cases 25-42 Ten of each group were personally observed throughout 
most of the remamder were seen chmcally durmg the latter part of their 


* Workmg for the Medical Besearcb ConnciL 
AeknotcMomentt 

Cases and pathological matenal were stndied thiavA the kindness and courtesy of the 
following — 

^ Belscy and Dr Miles (Cases 3 and 25), Mr Blasland (Case 13), Mr Ebbrffl (Case 28) 
^ DaiTs (Com 6), D^r Grant (Oises 29 and 27) Dr Hoskm, Miss Gardiner and Dr Ross (Case 2> 
iS. ^ Hudson (Case 10), Miss louden and Mi£ 

^Imgton (^e 1) Mr M^eison (Case 8), Dr 31orlock and Dr Ross (Cases 21 and 15), Mr 

^ Robertson and Professor Shaw (Case 7) Dr Sharp 
(Case 4) Dr Stephens (Case 0). Mr Tanner (Case 17) Mr 11:833(0830 23) Dr ViUiam^ase 20) 

M^ MlteoU SL^^cro^otoS^''^^^^ prepared tbe^ections 
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course and some prevrous data were obtainable Ijver was 

otomed for Illogical e3CMiunat.on from both nght mS loto “iLmr 

tne prefixed area nearest to this !&i two cases T)r C!iioi.inni. it* 
matenal from the nght lobe by needle aspiration immediately after deatr'^ 
Paraf^ sections, 6 p. thick, were obtamed by b»matoxylm and eosin 

moAfic McFarWs (17) and Wig^sworth’s (2fi) 

modifications Frozen sections, 16 p thick were stamed by Sudan W 
JNo examination for glycogen was made 

Hfrtoses were counted m 100 successive high power fields, and are 
expressed as a number per 1,000 hver cells , an average figure was taken 
for the total number of cells per high power field AH phases were counted 
except that m which the nuclear membrane was mtact The distribution 
of mitoses m relation to central vems, portal tracts and areas of necrosis 
was obtamed by drawmg a lobule from alternate serial sections by projection, 
markmg m the mitotic figures and checkmg each one by direct vision under 
a 1/6 objective The mitoses, vessels and areas of necrosis were then marked 
on the drawmg with a radio-opaqne snspension of lead dichromate in gum 
arable , successive drawmgs were then superimposed and a roentgengram 
taken of the whole Lobules were selected m which there was httle change 
m shape or size through the thickness covered by the semi sections 


Results 

i 

Mtioitc aciimftf 

Mitotic activity was seen m 8 of the 24 crush mjury cases and m 2 of the 
18 non -crush cases (Tables I and 11) In matenal from routme hospital 
autopsies fixed at a vanable time after death, from biopsies fixed immediately 
after removal and ficom the remamder of each of the present groups, no 
mitoses were seen despite prolonged search through each section In three 
cases, mitoses were very numerous, averagmg two per high power field in 
Clase 1 (Fig 1), with one field showmg 10 mitotic figures Nuclei in 
premitosis, that is with coiled chromatm but before rupture of the nuclear 
membrane, were also numerous 

The distribution of mitoses m the lobule was studied in two cases 
Case 1 showed no necrosis and had had no fall in blood pressure below 
100 mm Hg m the right lobe, Fig 3a, mitoses are seen scattered unifonnly 
through this lobule, sparing perhaps tie immediate periportal cells , the 
left lobe, Fig 3b, however, shows a greater frequency m the area 
two central vems Exactly the same pattern was seen whether e 
superimposed drawmgs were aligned through the two central veins, tfaroug 
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the two portal canals or throngh one portal canal and one central vein 
Fig 2 shows the midzonal distnbation of mitoses m e lohnle, Case 2, in 
w^ch there was no necrosis Fig 4, a lobnie with necrosis &om the same 
section, shows that mitoses snrronnd the necrotic area, and, as in Case 1, 
tend to he most nnmerons on a Ime joinmg two central veins In other 
cases with fewer mitoses, these still seemed to occur -with great frequency 
in the immediate neighbourhood of -the midzonal or paracentral necrotic 
scars where these co-existed (Cases 5, 7, 30 and 31) and m imdzonal areas 
m cases where there was no necrosis (Cases 3 and 4) Case 15 must he 
considered separately &om the others smce she bad suffered a small laceration 
of the hver there was massive necrosis at the site of laceration and central 
necrosis m some of the lohules immediately snrroundmg it Mitoses were 
more hrequent near the necrotic area, (3 2 per 1,000 cells at 0 5 cm from the 
necrosis) hut beyond this there did not appear to he any significant change 
m fiequency, counts hemg 1 8, 1 0, 1 3 and 1 4 mitoses per thousand ceUs 
at 1, 1 5, 2 and 2 5 cm away respectively Unfortunately, no histological 
exammation was made of more distant portions of liver and it is not therefore 
possible to say that this was entirely related to the local trauma 


Rdahon to necrosis 

Mitoses occurred -without necrosis m four patients (Cases 1, S, 6 and 4) , 
necrosis without mitoses m nme patients (Cases 14, 26, 26, 27, 28, 29, 32* 
40 and 42) None of them showed both a survival time over 6 da^ and a 
death to fixation time of under 24 hours Necrosis and mitoses occurred 
together m six cases 


Relation to aidolysis 

The mitoses m the present material were usually of normal configuration 
with an angle averagmg 66% although m cases fixed late mitaphase 
predominated (eg, constitutmg 90% of the figures m Case 3) and 
abnormalities made recogmtion shghtly more difBcult Occasional mitoses 
irere seen m tissues fixed 23 (Case 31) and 36 hours (Case 7) after death 
they were relatively numerous in Cases 3 and 6. fixed 16 and 18 hours after 
death It IS not Imown how rapidly such mitoses disappear W the liver 
after death, but there a probably a wide variation dependmg on factors 
such as temperat^ Mitoses m a sarcoma have been showf to sum™ 

three had been fixed withm 24 hours of death (Case 42 fixed^r?!, 

Case 32 fixed mthm one hour and Case 40 fixed af n \ rm. ^ houis, 

hved for 4 7. 1 7 .»d H doj, 
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Belation to stimval time 

No mitoses were seen m cases dying imder six days finm tune of injury 
except m Case 16 surviving for three days and associated with rupture of the 
liver Of 16 cases dying after six days or more from the time of injury, 
6 showed no mitoses (Cases 8, 9, 10, 11, 28 and 27) Of these 6, hovrover, 
only two were known to be fixed within 24 hours of death (Cases 8 and 11), 
and neither of these showed necrosis 

Table 3, summarises the above analysis of the relation of mitosis to 
the two of the three vanable factors, necrosis, autolysis and survival time 
The facts may be explained by three assumptions that mitoses tend to 
disappear after 24 hours autolysis that they appear m general only after 
six days from the time of mjury, the exception bemg a case with direct 
liver trauma , and that they may be present with or without liver necrosis, 


TABLE m 


SurvHal Penod 

Less than G days 

IB 

>r more 

Death to Fixation Time 

Less 

than 

24 hta 

24 hours 
or 

more 

Less 

than 

24 hrs 

24 hours 
or 

more 

Mitoois 

1 

0 

7 

(1 not 

0) 

known) 

No mitosis 

18 

(4 not 

3 

known) 

2 

(2 not 

3 

knouTi) 


but that they tend to occur m that portion of the bver lotole ’’to'* “ 
ccncc of Jot. choree uccro^c No rclatmuchip can be 
medication, amount of transfusion, or dnra,tion of 
IS It possible to reUte the amount of musele necrosis mth mtos . 
those 10 cases mth a sumTal greater than sis days and ® « *n S yet 
tune of less than 24 horns, two showed no rmtois (Cases 8 wd W 
both these had muscle damage of over one Wogramme “ 

M and 31 had a very much smaHer amount of necrotic muscle hut showed 


mitoses 


Necrosis 

As may be seen ftom lig 6, necrosB 
ly the penportal zone when of lesser degree, i , 

^^of «.e lobule and siSd bos. 

e central vem) or sometimes towards the corns- 

le segment of the central vem an ® Necrosis was 

mdmg segment of the vem m ^ marked A m Nig 

Lus grouped round certam portal tracts, mar 
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anatomical lesion could be detected m them In cases inth midzonal 
necrosis, on the anoxia theory, the mtact cells Bnrronnding the central 
veins must be snpphed mth nutriment from the portal tracts, marked B 
m Fig 6, through the quadrants of the lobule opposite to the necrosis Thus, 
portal tracts surroundmg a lobule may have a potential territory extendmg 
beyond the central vein As the blood supply may be relatively poorer 
from some portal tracts than from others, this "would leave a midzonal area 
mth precanous nutrition. 


Necrosis -vras more marked m the left than m the nght lobe m the five 
crush cases where this "vras mvestigated In Case 32, ha'ving chnical jaundice 
and 6 9 mg bilimbm per 100 o c of plasma, a liver aspiration at death 
showed no abnormahfy at autopsy, gross necrosis was seen between the 
central veins of lobules m the left lobe. Fig 6 the nght lobe showed no 
such change Smce, m those cases where the two hver lobes were not 
separately mvestigated, the smgle piece came usually from the nght lobe. 
It IS possible that several of these other 12 “ crush ” patients may also have 
shown necrosis m the left lobe Small degrees of necrosis demonstrated by 
subsequent histological exammation could not be detected maeroscopically 
by skilled pathologists 

The earhest degenerative change "was m Case 25, -with cmshmg mjury, 
dymg. 8 5 hours after release, with restored blood volume and mcreased 
^nous pressure The liver showed eosmophil globules in the space between 
he liver cells ^d unsold wall. Fig 7 no necrosis was seen There were 
also small mtraceUuIar, hydropic, non-fatty vacuoles somewhat 
to those deacnbed by Bntzler (16) and others (23) m anomc conditions; 
unfortimately, no material for glycogen demonstration was taken The 
wrhest necrotic change seen was 24 hours after injury m Case 40 with 
fectured pelvw and low blood pressure due to gas gangrene The mjnred 
celk showed deme eosmophil cytoplasm and pylmotm distorted nidef 
A later stage uith further nuclear degeneration had occurred by 1 7 davs 

out, still retainmg a central pyknotic nucleus (Fi^^sf baUooned 

was hydropic not fattv anri tro i ^ l-^ig 8) This vaouolation 

2 “ •«« 

m the central area of collapse with csn^i * Tucuolated cell enmeshed 

pigment masses Sinular^fis have^bi? 

Karunaratne (5) on the penuhervnf ti, <Jfiscribed by Cameron and 
carbon tetrachloride mjSira ^the ^ 

days ^ had disappeared by three 
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m experimental animals occurs m man , the detailed distribution of patholo- 
gical changes mthm the livei: has in man only rarely been investigated (26) 

The extraordmary mcrease m mitotic activity observed is not a reaction 
to hver necrosis, smce mitosis was observed without necrosis, but it may be a 
sequel of reparable damage The sudden appearance of mitoses coincides 
m time with the peak of Outhbertson’s “ post traumatic metabolio response ” 
(7) but correlation with this m mdividual cases was not possible smce patients 
who had survived until the 6th or 6th day died of urcemia, retaimng most 
of their metabolic products It is suggestive, however, that no mitoses 
were seen m patients dymg before the sixth day, except m a case mtli local 
liver m]ury, yet almost exactly similar mjiineB apart from the actual cause 
of early death, often an mcidental occurrence such as fat embolism uas 
sustamed by those patients dymg early without mitoses as by those djung 
after the sixth day with mitoses Ihrthermore m two cases liver mitoses 
were associated with mcreased mitoses m other organs (kidney and pancreas, 
Case 2, kidney and thyroid, Case 6) 


A similar lag m the appearance of mitoses has been found by Gluchsmann 
and Spear (12) When tadpoles were starved, mitoses disappeared followng 

the resumption of feedmg, mitoses appeared agam only after a latent interval 
of five days Such a phenomenon occurs also m wound heahng m corneal 
wounds durmg the process of epithehal repair the frequency of mitoses 
falls off to one half the normal, retummg to normal on the fourth day ond 
reachmg a peak of nearly twice normal on the fifth day (1) The peak in 
nutotic activity of rat liver occurs at 48 hours followmg chloroform necrosis 
(10), and at about 3 days followmg carbon tetrachloride (6) necrosis In 
the gumea-pig a large mcrease of mitoses occurs 3-4 days after partial 
hepateotomy or hgation of the hepatic artery (19) It is suggested, tliemfore 
that both mitosis and necrosis are reactions of the hver to mjury produced 
to pSe of blood volume deplefon aud tot other to 

show the effects of such mjuiy, mcludmg the cs of 

Tt seems possible also that the mitotic mcrease might follow other types oi 

“ S; toHl dealt mth m thm aenes. but tot 

the remamder showed no gross signs and no discolouration of the plasma 


Spmmaby 

A high proporbou of hvere from easea miltltto 

traumu from other aondents show dote from the time of miury 

of the lobule . this appeara ^ ^ udged by blood pressure 
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from restncted blood and ojgrgen supply to the liver Tho distnbuiion of 
necrosis Tritbrn the lobule may be explained by diSbrcnccs of blood suppl}’ 
&om the surrounding portal tracts The left lobe iras affected more than tlio 
nght m all cases vrhere this ivas mvestigated 

Mitoses vreie seen m 7 out of 9 patients dying six days or more after 
the injury, \rhose tissues 'were fixed 'Within 24 hours of death, but not in 
patients dymg before this tune (except one ■with direct liver damage) * 
The distribution of these mitoses 'withm the lobule was investigated the 
findmgs suggested that these mitoses are also related to functional damage 
to the organ sustamed through the circnlatoiy disturbances immediately 
follo'wmg mjury 
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effects of venesection in low output heart 

failure 

By «TrF.TT.A HOWARTH, J MoMICHAEL and E P SHARPEY- 

SCHAFER * 

{De.'partment of Medicine, British Postgraduate Medical School ) 

It is weU known that venesection produces clinical improyoment in some 
cases of congestive heart failure It is usually stated that venesection 
reheves congestion, increases vital capacity, relieves dyspnoea and eyanosis, 
and decreases the work of heart (6) 

Venesection certainly reduces venous pressure os measured in a 
peripheral vem (1), but the afm-to-tonguo circulation time may remain 
unchanged Some of our own earher data with large blecdmgs are shomi 
m Table I 

The central problem has been the effect on the output of the heart 
Usmg the difficult acetylene techmque, Resnik, Fnedman and Harrison (9) 
found a shght fall of cardiac output after removal of about 600 c c of blood 
m 3 cases, and from this they argued that the work of the heart was decreased 
In a study (7) of the action of digitalis on cardiac output and right auncular 
pressure by the techmque of cardiac catheterisation, control observations 
were made on the effects of simple mechamcal lowenng of right auncular 
pressure This measure, effected by mflatmg cuffs on the thighs to about 
80 mm Hg , resulted m a nse of cardiac output in cases of congestive failure 
with a low imtial cardiac output The trappmg of blood distal to congestmg 
cuffs mvolves factors other than a moderate reduction of venous pressure 
It was thus desirable to study the effects of greater venous pressure 
reductions followmg venesection, and the results of this further mvcstigation 
are here reported 


Material and methods 

The patients studied had congestive heart failure from valvular, 
hjrpertensive and ischsemic heart disease Such cases may be convemently 
referred to as "lou output heart failure,” smee mitial cardiac output is 
usually well below the normal level for each mdividual This term 


•One of 118 (SS ) IB m receipt of a personal grant from the Medical neseoroh ConneO, whom 
we have also to thank for an expenses grant 
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TABLE I 

Data from cases of congestive heart failure bled large amounts Venous pressure ms measured 
tn an antecubital vein, circulation time by the decholin method, and ha:moglobin by o photo i 
electne method Measurements were made directly after the end of venesection 
S ii = sinus rhythm 


Diagnosis 


Isohcemic heart disease 
SB 


Hypertension SR 


Ischasmio heart disease 
complete heart block 


Cor pulmonale S B 


Hypertension S R 


Hypertension S R 


Aortic mcompetence 

SR 


Cor pulmonale S R 


SiTiluhtio aortic 
incompetence S R 


Alitrol stenosis 
Aur fib 


Tune 

Venous 
pressure, 
cm saline 
abote 
sternal 
angle 

Vital 

capaoitj 

litres 

CiTOtiln 

tion 

time, 

secs 

1 

Amount 
\eno 
RCCt«l 
c c 

Before 

+16 

1 7 

63 

10s 

lOSO 

After 

0 

1 9 

70 

04 


Before 

+ 3 

72 

21 

85 

1000 

After 

— 1 

35 

21 

76 


Before 

+ 6 

82 

331 

100 3 

1250 

After 

— 1 

12 

33i 

98 


Before 

+19 

103 


70 

ISOO 

After 

+ 36 

12 


72 


Before 

+ 8 


42 

103 

050 

After 

-L 30 


40 

06 


Before 

+24 


61 

110 

1080 

After 

+10 


G5 

VO 


Before 

+16 



05 

78 

1080 

After 

+ 3 


f 








104 

1500 

Before 

+16 



00 5 


After 

+ 2 





_ — 

“ 



102 

1100 

Before 

+ 9 



05 


After 

0 




«s 



.. ■ 1 . 



08 

800 

Before 

+11 



04 


After 

+ 2 






d.tmg»shes them from eootto group .here uufral output . h-gher then 
normal (4, 6 , 10) elevated 45“ Cardiac 

Patient® were propped up m by cardiac catheterisation 

output and right aunoular pressure 5 to 40 mmutes 

TOe time token for Teneseotion rvus from 6 to 
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TABLE n 


Effects of T enc^fc/tort 


i 

u 

Roforonco No 

o 

QQ 

S) 

Diagnosis 

Time 

8-5, 

Si! 

isi 

a Km 

«• S o 

-ii 

Heart mto 

Cardiac output 
lit /mm 

£ 

L 

S c 
ca B 

Amount bled 
c c 

E 

e o 

©*H, 
u c c 

gs.s 

o'e t 

.‘sl 

M M 

0 S 
u P 

1 S 

c®g 

1 

6 155 

I 

Hvpertension 

SR 

Before 

After 

4-16 
— 3 

88 

84 

20 

43 

ppnif!! 

800+ 

ciifTs 


+ 30 

2 

B 

M 

67 

Hyiiertciision 

SR 

Before 

After 

.f26 
■f 65 

100 

loo 


lO'i/H'O 

105/128 

000+ 

cuITh 

— 17 

+ 26 

3 

8 36 

F 

62 

Hypertension 

Mitral stenosis 

Aur fib 

Before 

After 

+21 
+ 1 

88 

88 

1 6 
25 

248/140 

240/120 

1050 

—40 

+46 

4 

7 45 

M 

Mitral stenosis 

Aur fib 

Before 

After 

+24 
+ 8 

■ 

26 

3 1 

130/80 

112/70 

•no 

—31 

4 8 

+ 16* 

5 

7 19 

62 

HiTJertension 

SR 

Before 

After 

+23 
+ 6 


i 



—31* 

0 

7 66 

Jl 

72 

Hypertension 

SR 

Before 

After 

+ 16 
+ 2 

i 


168/100 

160/90 

700 

—20 

+ 10 

7 

■ 

M 

61 

Ischteinic heart 
disease SJl 

Before 

After 

+ 14 
+ 25 

112 

no 

2 2 
3G 

128/100 

100/80 

600 

—IB 

+•10 

8 

6 17 

i 

Hypertension 

Aur fib 

Before 

After 

Bi 

■ 

m 


650 

1 


0 

67 

M 

67 

Hypertension 

SR 

Before 

After 

+ 12 
+ 3 

82 

80 

2 1 

2 36 

110/76 

110/74 

420 


+ 10 

10 

79 

M 

60 

Ischicinic heart 
disease 

Complete heart 
block 

Before 

After 

■ 

26 

27 

1 

150/70 

164/70 

cuITs 


+38 

11 

7 16 

F 

65 

Hypertension 

SR 

Before 

After 

— 26 
— 8 

00 

92 

64 

65 

202/112 

170/08 

660 


—12 

12 

7 17 

M 

32 

Hypertension 

SR 

Before 

After 

— 26 
— 60 

108 

128 

47 

33 

270/100 

214/160 

600 

+20 

—40 

13 

6 73 

M 

74 

Iscbsnuc heart 
disease 8 R 

Before 

After 

— 36 
—10 

72 

80 

34 

24 

130/70 

110/80 

200-f 

cuffs 

+36 

—32 




-■ 


* —calculated from ^stolic blood pressure 


“Mean ” arterial pressure _ _gystoh° + diastolic B P fm m He ) 

F 

Total peripheral resistance _ _* inean** arterial pressiir p 
(m arbitrary units) u in litrcs/min 

X 00 kta,™ 
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TABLE m 


Effects of 1 S mg tniravenously 


1 Cose No 

Boference No 

Age and Sex | 

Diaguoaia 

Time 

Bt auricular 
pressure cm 
salme above 
sternal angle 

Heart rate 

s| 

II 

1 O sA 

Blood pressure 
mm Sg 

2 

s Si 

!|ls 

I"-! 

s? 

h 

0*0 

0 0 

1 i 

1 

Q 111 

M 1 
64 

Aortic stenosis 

SB 

Before 

After 

— 26 
— 66 

100 

100 

3 1 

39 

m 

—20 

+20 

2 

Q 12 

M 

47 

Aortioincom* 
petence S B 

Before * 
After 

+18 
+ 6 

106 

106 

23 

29 

135/90 

1 148/90 

—16 7 

+34 

3 

Q 13 

M 

61 

Hypertension 1 

SB 1 

Before 

After 

+ 7 

0 

82 

88 

26 

30 

1 170/130 

1 190/136 

— 64 

+24 6 

4 

Q 14 

M 

43 

Mitral stenosis 
Aortic stenosis 

SB 

Before I 
After 

+ 66 
— 16 

1 

104 

08 

29 

4 16 

95/60 

95/60 

i 

—30 

+43 

6 

Q IS 

F 

33 

Mitral stenosis 

SB 

Before 
After 1 

+21 
+ 116 ! 

124 

120 

2 46 

3 15 

94/80 

126/90 

— 37 

+60 

6 

Q 16 

M 

62 

Hypertension 

S H 

Before 

After 

+ S 

0 

106 

I34t 

3 05 
63 

200/130 
200/134 i 

—42 

+ 76 

7 

Q 17 

F 

46 

Thyrotoxicosis 

Aur fib 

Before 

After 

+32 i 
+ 17 

190 

130 

3 04 

6 66 I 

120/80 i 
120/80 

—46 

+81 

8 

Q 20 

F 

54 

Mitral stenosis 

Aur fib 

Before | 
After 

+ 6 i 
-3 

160 1 
116 ; 

26 
33 ; 

06/ 

130/- 

+ 6* 

1 

+84 6* 

9 1 

j 

1 

Q 21 

F 

44 1 

Mitral stenosis 
Aortic incompet 
ence Aur fib 

Before 
After 1 

1 

+ 76 

— 26 j 

1 

166 

96 j 

i 

23 i 
38 j 

1 

|B 


+81 

10 j 

1 

Q 22; 

1 

1 

F 

65 

Mitral stenosis 
Hypertension 

Aur fib 

Before 

After 

+ 17 

+11 i 

130 1 
86 

1 

28 i 

36 

190/00 

210/85 

—18 

+36 

11 1 

6 63 

M J 

67 1 

Hypertension 

SB 1 

Before 
After i 

+ 96 i 
— 2 

120 
108 j 

3 1 i 
4 46 1 

230/140 

230/140 

—31 

+44 

12 

6 143 

F 

49 

Mitral stenosis 

Aur fib 

1 

Before , 
After ! 

1 

( 

+ 3 j 
+ 46 ! 

1 

162 ! 
146 1 

33 ! 
3 66 1 

1 

1 

105/70 ! 
118/78 

j 

■ 

+24 

1 


* Calculated from systolic blood pressure 


I Desire to nuoturate 

This method of ohtainmg the "mean” artenal pressure is oPf" 
onticism, but, withm the range of pressure alterations observed, it pro a y 
gives a fairly accurate reflection of the changes m mdividual subjects 


Results 


Results are summansed m Table II and an example of a 
observation is shown m Rig 1 Ail cases showed a fafl of ng 
pressure and, as might be expected, the larger the bleeding the gre 
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fall All cases -with imtial nght auncular pressure above the sternal angle 
sho'n’ed a nse of cardiac output after venesection Two cases with initial 
right auricular pressure below the sternal angle level showed a fall in cardiac 
output and one showed no change Only two cases (No 12 and 13 with a 
falling output) showed significant increase in heart rate Venesection in 
cases with auncular fibrillation produced changes of cardiac output similar 
to those m patients with sinus rhythm 


UCRT 

AUUCtfUl 

»ussnu 

CM lUlNC 
AlOVC 

SntNAL 

ANCU 


CA&DIAC 

OtfITWT 

UTRIS/Mla 



" 1 ■ I ' 

10 20 

MINUTE! 
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40 


L m ^'”^6 cause, a fall m nght auncular pn»suro and a 

son^doasS^ SS T ™rk sloired an mcrease m^ad 

ahawad a daa«..e m 
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Fig 2 Effect of vonoaeotion (black circles) and cuffs (white circles) on right auricular prcHsuro 
and cardiac output plotted on logarithmic scales The logarithmic scale for nglit 
auricular pressure is arbitrary m Figs 2, 3 and 4 and zero represents the stomal angle 
Dots and circles show iiutial data 
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Comparison of digoxin ani vancscdion cjfeds 

In a previous paper (7) it was shown that digitalis nlwnj's caused n 
fall m right auricular pressure and that identical clTccts on right niiriciilar 
pressure and cardiac output could be produced by trapping blood in the legs 
by congestmg cuffs Tins led us to suggest that the main effects of digitalis 
on cardiac output were caused by a primary action of the drug in reducing 
the venous fiUmg pressure In these experiments, ho\\e\er, the effects of 
digitalis and mechanical lowermg of right auncular pressure could only bo 
compared over a moderate range, as digitalis usually produced n much greater 
right auncular pressure fall than did cuffs on the tlughs These cuff expen- 
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ontJt t the effects of digitabs and venesection on cardiac 

between ther^^t^fi ^ diffcienco 

m Tn T ® pressure was lowered by large venesections 

{lable XI) It was maintained or raised by digitalis (Table lU), an offoct 
already well known m animal expenments (2) It is clear that the increase 
in cardiac work is less after venesection than after digitabs (Fig 4) 



Vig 6 Suggested filling prossure cardiac output ourvea for normal sabjocts and caaos of liigb 
and low output failure Crosses represent usual status of each group at rest 

DtscvsMon 

In general, the results confirm those obtamed by trapping blood in the 
legs by congesting cuffs Mechanical lowering of the fillmg pressure in the 
right auricle leads to mcrease m the output and work of hearts shoving low 
output failure As previously sugg^ted, a curve relating cardiac output 
and filling pressure (8) affords a convement concept for the mterpretation 
of these results The rise of cardiac output after venesection m cases of 
severe low output failure may be explamed by considermg such hcjr“ ^ 
lie on the overloaded or fallmg part of Starlmg’s curve where a lurthcr 
mcrease m fillin g pressure will cause a fall m output, or converse y, re uc lo 
of the filling pressure will cause a nse 
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This concept has been criticised by Dock (3), particularly liccauso ono 
case in the previous senes (7) showed a shght nse in cardiac output, although 
the Tight auncular pressure was only sbghtly above the normal In making 
the suggestion we were careful not to put any scale beside the curve, as u o 
are aware that the curves are set at different levels in diBcrent cases of 
failure and that the level in the failing heart is different from that of the 
normal heart We do not know how high the cardiac output can nse in a 
normal person, but it may certainly reach such figures as 26-30 htres per 
mmute The curves for low output failure, though of the same general 
shape, are clearly set at a different and much lower level of output There 
are probably all gradations of curve from normal to the most severe, and in 
the final stages the curve may be nearly flat at the lowest level when no 
response to venesection or digosm may be seen 

The heart may be said to have failed when its response to venous 
pressure change hes on the overloaded part of Starluig’s curve, uhilo the 
meipient stages of failure are present when the matimum possible output 
is conspicuously below the mavimum attamable by the individual in health 
The influence of heart rate on the cardiac output-fiUmg pressure curve is as 
yet ill-defined both m health and disease 


It IS unfortunately difficult to compare venesection and digitalis owing 
to the different responses of the blood pressure After digitalis arterial 
pressure is higher than after venesection and the heart is doing more work 
It w possible that a closer comparison over a smaU range is afforded by the 
cuff e^enmente previously reported, where blood pressure changes are 
iMignificant To obtain a suitable control it would bo necessary to raise 
artenal pressme afer cardiac improvement foUowmg venesection to see if 
cardiac output would be mamtamed by the improved'heart against increased 
penpheral resBtance The relation of cardiac size to cardiac work would 
also have to be compared after venesection and after digitabs 

WMe the resets seem to leave open the possibihty of some direct 

chgitahs, reduction of ^nous pressure is 

vjhJh ^ “ “ important influence on the cardiac improvement 

which results from the use of the Tf v "uprovement 

immedmte action of venesection is of greater cluiiLl benefi^than^dl^ 

Srthe^ehTf’th “ increased with less expenditure 

iiut the chief therapeutic difference apnears to hn m +iio 7 ^ * ^ 

fa, rte, veie^cfan ngU fe 

digitaJiBatjon often mamtsins aie fifag pipssiun of tha h ^ *g<un, 

end Mon, benofaal fevd f,, ''"™' 

The reduction of total peripheral resistanm affa-n , 

considerable artenolar vasodilatation The site of suggests 

under mvestigation and will be the subject of abater J^ort^“ “ 
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Stjmmaby 

1 Cardiac output increases when right auncular pressure is loweied 
by venesection in cases of severe low output heart faiUu-e (^a\^uW 
hypertensive and ischsemic heart disease inth initial auricular prcssur^ 
above the sternal angle) 

2 With this rising output there is usuaUy a fall in blood pressure 
indicating considerable decrease in penpheral resistance In spite of the 
fall in blood pressure, cardiac work is usually increased 

3 Digitalis has a similar effect on nght auricular pressure and cardiac 
output, but the blood pressure often increases Cardiac work, tboreforo, 
shows a greater mcrease than after venesection These results do not 
necessarily implj' that digitalis has a direct stimulating action on the heart 
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OBSERVATIONS ON THE HEADACHE ACCOIMPANYING 

FEVER 

By RONALD BODLEY SCOTT and ROBERT P WARIN 


The past few years have seen a notable growth m onr understanding of the 
mechanism, underlymg headache This advance was mitiatcd by Pickcnng's 
study of the headache which follows mjcction of histammc (9), and has been 
mamtamed by observations m migramo, arterial hypertension (5, 14, 1 i5, 10, 17) 
and intracranial tumonr (7) The present paper is concerned with the cause 
of a common, but neglected, variety, the headache accompanjnng acute 
febrile disease 


The Matenal 

Observations were made on one hundred patients admitted to a IMilitary 
Hospital m the HMdle East, with headache and fever The final diagnoses 
are given m Table I 


TABtE I 

Dtagnoia of 100 patientt mlh jtver and htadache 

Sandfly fever 
MaUina, benign tertian 
Malaria, mabgnont tertian 
Pneumonia, pneumococcal 
Pneumonia, primary atypical ’ 

Biympelaa 

Typhoid fever 

Dyaenterj, acute baedlary 

Vaccination reaction 

Short fever of uncertam ongm 


CO 

28 

1 

o 

0 
2 
2 

1 
1 

11 

100 


So far as these diseases are concerned, this work has revealed no evidence 
nupnf ® of headache associated with fever differs with the infective 

agent It is perhaps worth mentioning that none of the diseases here 
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Chmcal deacnpUon 

At the onset of fever, headache vas usually throbbing, increasing 
gradually to a constant severe pain exacerbated by each beat of the heart , 
and waning, with defervescence of the fever, to regain its throbbing character 
and finally vanish The pain was experienced in three areas bitemporal 
and frontal, spreading a vamble distance towards the vertex (Tiold I) , 
supra-nuchal occipital (Field II) , and infra-nuohal occipito-cervical (Field 
TTT ) These areas are illustrated in Figure 1 The sharp distmotion all 



Fig 1 The areas to which headache was referred 


diBtobntion, but p»m m Wdt I + H wm common m Bonony 
H sots out tho uuttom of hoadoche m these patients 


TABLE n 
Pattern of headache tn 100 patients 

Sandfly fe^ er 


Field I (alone) 

Fields I -j- n 
Fields I -f- HI 
Fields I "I" n “}“ m 


30 

9 

10 

1 


Malaria, 
benign tertion 

Others 

Total 

15 

12 

1 

67 


2 

11 

11 

C 

27 

2 

2 

6 



FEBRILE HEADACHE 


63 


In 92 patients the headache was of equal intensity on the two sides , 
in the remaining eight, all with pam confined to I^eld I, it was cither unilateral 
or notably more severe on one side Four of these had previously liad injuries 
either to the temple or to the eye of that side (mortar bomb aound iiith 
residual periosteal thickenmg , injury to right temple vnth pericranial 
hiematoma , hme bum of right eye with comeal scar , fragment of steel 
removed from right eye) , one patient was the subject of licmicmnial 
nugrame , one had had a right frontal smusitis ten weeks previously of 
which no sign remamed when he was admitted aith malaria , m two there 
was no cause to which the asymmetry of the pam could be ascribed 

In 15 patients there was a history of recurrent headaches In eight 
of these a psychic cause seemed probable, and m them there was no 
resemblance between the previous and the febrile headaches , four were 
prone to migrame and were unable to distmguish between the migrainous 
and the febrile headaches , one mdeed, suffermg from malana, complamcd 
only of a severe attack of his customary migrame , one had had attacks of 
right temporal headache smee a hme bum of his right eye eleven jears 
previously, these were identical with his febrile headache , m two there had 
been vague headaches of uncertam nature 


Pam referred to the eyes accompamed the headache m 03 patients 
This pam was described as constant, bormg, or achmg , it was never 

throbbmg , it usually appeared after the onset ofheadache and often remamed 

for one or two days after the headache had vanished The pam was said to be 
m or behmd the eyes and was made worse by movmg the eyes There uns 
tenderness on pressure on the globe m 87 patients In 68 the pam and 
tenderness were equal m the two eyes , m 20 they were greater m the nght 
eye, but m only four of these was the headache more severe on the nght 
m 16 they were greater m the left eye and two of these had left-sided headache’ 
In two patients with nght-sided headache pam and tenderness were equal 
in the two eyes Because of the lack of correlation between the headache 
pam^aph ^ symptoms are considered separately m subsequent 

Rigidity of the postenor cervical muscles was present m only two 
patients , but pam on flexion of the neck was common m these muscli and 

associated with pam referred to the 
lower end of the sternum When headache was expenenced m Field I 

Srm ^ dorso-Iumbar muscles, when m’ 

m no^' sign was present 


Ueneral relaitonahxps 

The dura,tion and seventy of the headache and eyeache were related to 
the fever and to ite accompanymg circulatory changes The close relationshin 
between headache and fever la illustrated by Fig 2, the chart of a patiLt 



54 


BODLEY SCOTT AND WARIN 


• 

JX 

le. 


(Of 

O lOv 

• IO<. 

z J 

S M, 

J 

St 

H. 


/ vW 


W T jo i a 1 *2 * 23 1 « * « 1 26 

U A T 


Fig 2 Headache in sandfly fever 


With sandfly fever contracted while in hospital and by Fig 3 The 
correspondence was, however, not absolute for headache persisted sometimes 
for two or three days after fever had ceased, and was common in the early 
morning for the first few days of convalescence The circulatory changes 
associated with fever and headache were as follows penpberal vasodilatation 
was obvious, the temporal artenes were prominent and vigorously pulsatile, 
capillary pulsation m the skm and artenal pulsation m the rotinfo could bo 
seen, the face and eyes were suffused, the pulse quick, the pulse pressure 
raised and Duroziez’ murmur often audible 



Fig 3 
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readmgs were made m 26 patien s 7 ^astohe was more variable, 
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pressure readings in a man with bemgn tertian malaria and is representative 
of the changes seen m other patients In this senes there were no patien s 
with artenal hypertension 

The local mechanisms of the headache 

Headache is almost always a referred pam , it depends anatomically 
on some structure where a local disturbance arouses pam-impulses, and 
nervous pathways by which the sensation is referred to the head Tlie 
nervous pathways concerned m headache probably ho m the fifth cranial 
and upper three cervical nerves, and less frequently m the nmth and tenth 
cramal nerves (12, 16) The cranial structures which arc sensitive to pain 
have been studied at operation by neurosurgeons (4, 7, 8, 11) Apart 
from the cranium and its overlymg structures, such sensibility is possessed 
only by the dural smuses and their mam tributaries, the arteries and 
adjacent parts of the dura, the large hasal mtracranial arteries and possiblj 
the choroid plexus Stimulation of these evokes a sensation of head- 
ache experienced m an area dependmg on the structure stimulated 
It IS logical to suppose that the disturbance which causes headache m the sick 
patient is situated m one or more of these pam-sensitive structures 

The nature of local dtsiurbance There is abundant evidence that the 
local disturbance which arouses pam-impulses depends, m many types of 
headache, upon a dilatation of mtra- or extra-cramal arteries, Icadmg to an 
mcrease of tension m the vessel wall or perivascular tissues Such a 
mechanism exists m migrame (6, 14, 16, 16, 17), m the headache following 
mtravenous mjection of histamme (1, 2, 9), and m that of hyjicrtcnBion (14) 
Observations on febrile headache have been few, but Pickermg (10), m one 
case, found it similar to that mduced by histamme Sutherland and Wolff 
(14), m patients made febrile by mtravenous mjection of typhoid vacemo, 
showed the headache to parellel the mcrease m amphtude of the temporal 
pulse and of the oscillations m the cerebrospmal fluid pressure which occur 
synchronously with the heart beat These authors also described dilatation 
of artenes, seen through a wmdow m an animal’s skull, after mtravenous 
mjection of foreign protem They concluded that headache m fever 
resulted from dilatation of mtracranial artenes 

The artenal ongm of fehnle headache was home out by observations 
in the present senes The circulatory changes, already desenhed, provided 
evidence of artenal dilatation Obhteration of one common carotid artery 
by pressure with the finger reheved the pam on that side of the head and, 
when the vessel was released, headache returned with an mtensity which 
frequently caused the patient to cry out Additional support was given 
by the effect on the headache of changes m the artenal blood pressure the 
pam was made worse by sudden strammg, an act which Pickermg (9) has 
shown to raise the pressure by some 25 mm of mercury In three subjects, 
at the end of the fever when headache was mmimal, 0 8 to 10 mg of 
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adrenalin hydrochlonde lyas injected intramuscularly , -Ritli the nso in 
arterial pressure the intensity of the headache mcrensed, to wane ns the 
pressure fell (Fig 4) This procedure caused no headache m normal potsous 
Conversely, a fall in arterial pressure was accompanied by rehof of headache 
In four subjects inhalation of amyl nitnte uas foUoued by disnppenrnnco 
of the pain which returned to its previous intensity as the arterial pressure 
rose again to normal (Fig 6) One patient received an uitraionous 
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Fig 6 


Fig 0 


Pic 4 Effect of odrenalin hydrochlonda 1 mg mtnanusculnrly m a molo -4 jeats with 
aandfly fever on the firet day on srhich the temperature was nonnal Hoodwho was not 
present at rest but was produced by strammg or head shakmg T 98 P 60 

Fig 6 Effect of amyl mtnte-m a male aged 30 years with sandfly fm'or T 102 C«F , P 88 

Fig 6 Effect of mtravenous injection of bistamme acid phosphate m a man aged 24 jca« with 
benign tertian malana and severe headache T 103 8 F , 

nf 0 10 ms of histamme acid phosphate while the headache vas 

and, during this phase, the r headache was acccntuotcd 

returned to their former lev^ e m y ^ before the mjection 

for ft few seconds, to revert rapidly to that easting 

e^runents showed that ^ 

force distending the cranial artenes attended by a Icssenuig of the 

conversely, that a fall m ^^e^dence that the disturbance which gate 

headache They provide of the cranial artcncs 

rise to headache was an increase m tension m tne 
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The aite of the local disturbance The region in -which a headache is 
experienced gives no exact indication of where the exciting Btimuli are 
arising , it has been shown, for example, that a pam felt in the temple may bo 
provoked by stimulation of either the temporal artery or vanoiie intracranial 
structures (11) Thus the seat of the disturbance must bo mferred from other 
evidence 

Wolff (15, 16) elauns that the headaches of migramo and arterial 
hypertension are due to stimuli ansmg m dilated extracranial arteries but 
that the disturbance is mtracramal in histamme headache Pickering (10) 
and Sutherland and Wolff (14) regard the headache of fever as comparable 
■with that caused by histamme , our observations were not m complete 
accord -with this suggestion They can best be explamed by rccognismg three 
varieties of febnie headache m the first the excitmg impulses arise -withm 
the skull, m the second from extracranial artencs, and m the third from both 
these sources The evidence for this h 3 i^othesi 8 is set out m the following 
paragraphs 

In 62 patients pressure sufficient to obbterato one temporal artciy 
caused no lessenmg of the headache on that side, although there uas 
complete ipsilateral rehef on obhteration of one common carotid artery 
This was taken -to mdicate that the stimuli produemg headache were not 
ansmg, to any significant degree, from the temporal artery but were of 
mtracramal ongm The headache m 29 of these patients uas located m 
Field I, m five m Fields I + H, m 13 in Fields I + HI, and m five m Fields 
^ d* n d* f-tt In all pa-tients the existmg headache was made worse by 
shakmg the head, a phenomenon denotmg an mtracramal ongm, for 
movement of the head cannot alter the stresses on the fixed vessels of 
the scalp or calvannro 


Ten of these patients were subjected to lumbar puncture , the cerebro- 
^mal fluid pressure was significantly raised m none, lymg between 80 and 
180 mm of fluid There was thus no relation between headache and rise 
in cerebro-spmal flmd pressure , mdeed it has been sho-wn by Northfield (7) 
^at morease m mtracramal tension does not, of itself, cause headache’ 
The fluid was chemically and cytologically normal m aU cases The pressure 
changes Bynobrnnoua with the heart beat were unusually great Jugular 

^ ^th this nse, 

there was rehef of headache When the jugular veins were compressed 

aS th f cerebro-spmal fluid there was no nse m pressure 

and the headache was made worse 

These observations are identical -with those of Pickermp m ViinfaTr,ir.o. 
artenal pressures, and thus reduces the effective force distendmg the artenes , 
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secondly, the increase in pressure within the veins is transmitted to the 
arteries, increasing the distending force With jugular compression, before 
thecal drainage, the first effect overshadows the second , but, after drainage, 
distension of the venous sinuses is no longer sufficient to raise the intracranini 
pressure, and the second effect predominates In the first mstance, therefore, 
headache is relieved and, in the second, increased 


The effects of intravenous injection of histamme, cited above, are rclci ant 
to this discussion In the normal subject this drug is followed by so\cro 
headache lastmg some twenty mmutes which has been shomi to depend on 
dilatation of intracranial artenes (1, 2, 9) Intravenous mjection of histamine 
m the febrile patient caused an mcrease m headache onl}' for a feu seconds, 
suggesting that the mechanism usually productive of histamme hoadacbo 
was already m operation 

It IS submitted that these observations furnish evidence that fcbnle 
headache of this type was analagous to histamme headache and uas the 
consecpience of an mcrease m tension m the walls of dilated intracranial 


artenes 

In 16 patients with headache experienced in Field I, pain was abolished 
on one side by compression of the ipsilateral temporal artery All eight 
patients with unilateral headache fell into this group , m them there was 
always a visibly and palpably fuller temporal pulse on the affected side In 
five patients with pain referred to Fields I + II. ^ Field I was relievo 
by tLporal compression, and nn Field II by compression of the occipit j 
artery Bay and Wolff (11) have shown that stimul^ation of this vessel 
gives nse to pam localised m an area correspondmg with Field U 

Jugular compression in this group always made the headache uorae 

„am»l veno>« presB^o bemg ‘‘aitSmreiact of fc 

from intracranial structures submitted, was excited by stimuli 

This second type of ^ particularly the temporal and 

arising m dilated extracranial headaches of migrame and 

occipital vessels It wm compa W headache vas not 

arterial hypertension (U, of ergotamme tartrate 

reheved by mtravenous mjection of 0 25 mg b 
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The remaumig 28 cases fell into neither of the foregoing groups in 
them temporal compression sometimes rehevcd the pain in Field I, and 
sometimes diminished it This could be shoivn by simultaneous compression 
of the common carotid and temporal arteries of one side release of the first 
would be followed by some return of pam, and subsequent release of the 
second by a further mcrement Jugular compression ga\ e equiv ocal results, 
sometimes dimmisbmg, sometimes not afiectmg, the pam When, honc\cr, 
the temporal artery of one side was obhtemted, jugular compression was 
accompamed by rehef of headache everjTrhere but m the contralateral 
temple 

These patients presented features common to both of the previous 
groups and it is suggested that m them painful stimuh were arising from 
dilated arteries both mside and outside the skull 


The eye ache 


For reasons prenously stated, eje ache is considered Bcparatcl 3 from 
headache It was clear that the pam m the ej es u as related to the i ascular 
disturbance, for it was diminished or rebel ed m one eye by obliteration of 
the carotid pulse of the same side Such pam might have its origin m a 
local disturbance withm the orbit, or might be referred from other mtra- or 
extra-cranial structures The improbabihty of its mtracranial ongm nas 
suggested by its fieequent persistence after headache hod vanished, and by 
the observation that jugular compression always mcreased the pam m the 
eyes even when it relieved headache Ckimpression of the temporal artery 
did not affect the eye pam, nor has pam m the eye been described with 
experimental stimulation of this vessel It seemed probable, therefore, that 
it had a local ongm withm the orbit, and this contention was supported 
by the frequent mequahty of the pam m the two eyes, by the tenderness 
and by the pam on movement of the globe 

Eckardt, McLean and Goodell (3) have shown that ocular pam may be 
ca^ed by stimulation of the conjunctiva, by an mcrease m ocular tension 
and by traction on the ins or on the extrinsic eye muscles No mformation 
IS available concerning the sensitivity of the orbital vessels 


Although the eye ache appeared fundamentally dependent on the vascular 
changes, it seenied unlikely that the mechanism was identical with that of 

m f i bad been ansmg from an mcrease of tension 

m the wa^ of dilated orbital artenes, pressure on the globe, tendmg to 
equalne the mtra- and extra-artenal pressures withm the orbit, should 

I«'®8s°re commonly had the reverse 


,n P^lP^-^ion suggested that the ocular tension differed 

m the two eyes, and that pam was greater m the eye of higher Csion 
Repeated readings were made with a Schi^z tonometer m IS^patients and 
this asymmetry confirmed The highest readmg was 40 mm ofmere“nrm 
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only five did it exceed 30 mm There was little correlation botvcon tlio 
tension and the eye ache, although pam was severe m all patients m ith readings 
above 30 mm There was often a fall of 6-10 mm ivith the disappearance 
of eye ache but it is improbable that pam could have been diio to so small 
an mcrease in tension 


In 16 patients eserme was mstiUed mto one or both eyes In four 
there was complete rehef of pam, m five partial rehef and m seven no effect 
headache was unaltered With relief of pam, a previously raised tension 
fell , in one case, from 31 6 mm of mercury to 16 mm m the right eye, 
and from 28 mm to 19 mm m the left A fall m tension was not necessarily 
accompanied by rehef of pam 

In 11 patients, homatropme sulphate was instilled into one eye and 
normal saime mto the other m five the pam and tenderness were unaffected, 
m SIX they were made worse m the eye receivmg homatropme for a period 
of a few hours There was commonly a rise m tension of 4-6 mm of mercury 
In three patients, adrenahne hydrochloride was mstiUed into one eye 
with reduction of conjunctival suffusion and slight decrease m pain on that 


side , ^ , 

The deductions to be drawn from these observations wore not obvious 

It was probable that the fundamental cause of the eye ache was the vascular 
disturbance withm the orbit There was no constant or significant mcrcaso 
m ocular tension The effects of eserme and homatropme were equivocal 
It seemed likely that the mechanism of the eye ache was more complex than 
that of the headache, and, although a symptom of the same circulatory 
changes, was not the immediate result of an mcrease m tension m the artcnal 

walls 


Diecusston 

The ehereototioB of the heodachee e^nenc^ 
pateente have been d"- ^ 

discussed, m previous paragraphs generated m dilated cranial 

etnnuli evoking the eeneetion of headsAe were generated m^i^ 

nrteriee m eome, the artenee tonoemed wera 

they were eirtraoramal , end in the ® ^ hoodncho 

ra i^tenee end o^de tta 

there was usually pam m the eyes wnic pp dorso-lurobar 

vMonlnr d^tobanee mthm the orbit m the 

ninsdee on flemen of the neck wm ^ j, Q„„deU end Wolff () 3) 
m port, explained by *^‘“^108 rf 

,,ho recorded the eleotnoalohMgMm tte 

epontaneo® “>» to eanee local pern 

contraction which was a theme of this paper, are of 

Certoin points, iiielevant to era ^ patients mth 

snffleient interest for comment. A high pmp 
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pam more intense m one temple had a prenous history of injury inthin tlio 
area innervated by the trigeminal nerve of that side , this connection has 
been observed by Horton (6) m a patient uho, following ulcerative keratitis, 
experienced attacks of “right reflex hemicrania ’’ which Mere relieved by 
ergotamme tartrate It is possible that, through disenso or injury, the 
artenes of an area maj' become more susceptible to vasodilator agents 
Secondly, in the migramous, the headache provoked by fever uas indis- 
tmguishable &om that of the migramous attack, suggesting that the arteries 
whose dilatation occasions the headache of migramo show a preferential 
response to the stimulus of fever Fmally, the early morning, a common 
hour of onset for the headaches of migrame, arterial hypertension and 
cerebral tumour, was often marked by an exacerbation of febnlo headache , 
it is, perhaps, a time at uhich vasomotor tone is unusually labile 

SusntABV 

1 The clmical characteristics and mechanism of headache accompanj'- 
mg acute febrile illnesses have been studied m 100 patients admitted to a 
military hospital m the Middle East 

2 Evidence is presented mdicatmg that m febrile headache pain arose 
from distension of the walls or perivascular tissues of dilated cranial artenes 
in one group of cases, the pam impulses arose from mtracranial artenes, in 
another from extracranial artenes, and in a third from both sources 

3 Eyeache which accompamed headache m 93 patients, was probably 
due to an orbital vascular disturbance, the precise nature of uhich has not 
been determined 
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OBSERVATIONS ON THE IVEECHANISM OF PAIN IN ULCER OF 
THE STOMACH AND DUODENUM 

PART I— TEE NATURE OF THE STIMULUS 


By G L W BONNEY and G W PICKERING 

{From the Medical Clinic, 8l Mary's Bospital Medical School, and Harefield 

E M 8 Bospital ) 


There is stdl much difference of opinion as to the source of pain and tho 
nature of the pain producmg stimulus m disease of the abdominal viscera 
The confusion has arisen partly &om the relative inaccessibihty of tho viscera 
but chiefly &om a general reluctance to put h3rpothesis to the test of measure- 
ment and experiment Because of the frequency of ulcer of the stomach 
and duodenum, because of the stnkmg and relatively constant charactenstics 
of the pam which constitutes their chief symptom, and because the viscera 
concerned are more accessible than most to tho physician, these maladies 
have been selected for study 

The factors mfluencmg its onset and subsidence suggest that tho pam 
of peptic ulcer is related to the state of the gastric content Thus pam tends 
to follow a meal after an mterval which vanes with the position of the ulcer, 
the mterval bemg of the order of an hour m ulcers near the mcisura of the 
stomach and three hours or more m duodenal ulcers The ingestion of food 
always reheves and usually abolishes the pam of duodenal ulcer Food 
often reheves the pam of gastnc ulcer, but ftequently m this condition the 
patient has never tested the effect of food because the pam has disappeared 
or has been otherwise abolished before the next meal is due , or because the 
patient has been too nauseated to eat while pam was present Vomitmg 
reheves the pam nearly always m gastnc and sometimes m duodenal ulcer, 
though m the latter, vomitmg is not common Fmally, m all these vaneties 
of peptic ulcer, pam is reheved by alkali 

Concemmg these facts, estabhshed by clmical observation, there is no 
dispute They are most simply mterpreted as signifymg that pam is due to 

WewishtothankDr L Gr Blair and his staff for their skilled holpm the X ray ezammations , 

hlr E A Stride for titratimetnc estimations of the gastnc juice , numerous house physicians 
and students for assistance m recording observations Sirs Eeasy for help inth tho records 
and OUT patients for their co operation ' 
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the attainment of an adequate degree of acidity in the gastric content, for 
the three procedures which relieve pam, ingestion of food, ingestion of alkali 
and vonutmg have but one common factor, namely the removal from the 
stomach of hydrogen ions This hypothesis has received powerful support 
from the work of W L Palmer (IS, 14, 16, 16, 17), who showed in 1926 that 
the mjection of 200 c c 0 6% hydrochloric acid mto the stomach would 
reproduce the pam in moat patients wnth gastne, duodenal and anastomotic 
ulcer when they were expenencmg spontaneous pam, but not usually in tlio 
same patients during the period m which, as a result of treatment, pam was 
absent He showed that the pam of ulcer can be reheved by aspirating, 
and reproduced by remjectmg, the gastne content through a tube lying in the 
stomach , and he found close agreement between the titratable acidity of the 
gastric content removed durmg spontaneous pam and that during pam 
produced by miection of acid He concluded that hydrochloric acid was the 
OTitant common to all the solutions which constituted an adequate stimulus 
to the pain produemg mechamsm, and that smee pam could also be produced 
by sulphuric and acetic acids and by caustic soda, HCl probably acted as a 
cLmiL irritant Pmdmg that HCl would also produce pam m gastric 
caremoma but not in conditions unassociated with an orgamc lesion of 
muMBS raombr.,ne he beheved the pam mechanism only te he senm tiye n i 
presence of an oiganie lesion of the mneons membrane of the stomseli 

duodenum 

Nenertheless the hypothesis to net eCmto 

m this ooimtry. largely ewmg to the , oonclnded that 

on the sensibdity of the “ "^gnSmn mto the stomach 

the normal snh, cots nor 

of 4 oz (114 c c ) 0 6 /o HCl p TT-ndme that rapid mflation of a balloon 
m SIX patients with gastric ^ ^ ^ Bvlpoaed that tension was the only 

Ml the stomach did give rise to pam he supp sousitivo. that pain 

Simnlns to which the painre^to-^f ^";^^^^ ^ 

m peptic ulcer was due closing the pylorus and 

subsidiary and due ^° /®?Q26RYle (20) went further than Hurst m rejcctm^^ 

stimulatmgperistalsis In 1926 Byl 1 J cases of ulcer with 

^^etely the role of acid, pem f' “ 

extreme hypoohlorhydria or f Hardy (8) repeated Palmer s 

as meases with normal or high acidiy ^jgljcts of acid 

o^^atmlis and though he “g that acid nonld produce 

mieotion m active and fmm a detailed consideration of his 

pam 
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In developing the hypothesis that pam m nicer nnses through tension 
in the wall of the stomach Hurst (9) origmally supposed pam m both gastric 
and duodenal ulcer to be due to distension of the pylonc vestibule through 
mcreased gastric peristalsis working against a closed pylorus, and attributed 
the different times of onset of pom to the different times at which stimulation 
of the ulcer by acid reflevly evaggerated peristalsis and pylonc contraction 
Later (10) he modified his views, regardmg distension of the pj lone vestibule 
as the cause of pam m duodenal ulcer and distension of the cardiac end of 
the stomach as the cause of pam m gastnc ulcer, the stomach m each case 
bemg divided by contraction of its wall mto two cavities durmg the 
occurrence of pam Byle (20) also accepted contraction of the stomach ns 
the cause of pam hut differed from Hurst m supposmg that the delayed pam 
of duodenal ulcer was due to an mcrease m tone of the stomach as a u hole, 
and attnbuted rehef by food and alkah to the decrease m tone followmg 
mcreased gastnc content, m the case of alkah through liberation of CO* , 
the immediate pam of gastnc ulcer he supposed to be due to localised mcrcase 
of tension m the wall of the stomach opposite the ulcer , here relief by alkali 
was attnbuted. to helchmg and drmmution m tension m the provimnl part of 
the stomach * In 1928 Bolton (2) and Poulton (18) both supported the 
tension hypothesis of pam None of these wnters produced any direct 
evidence m favour of their hypothesis, and their chief support lay in 
superficial sinulanties between the hunger pam of duodenal ulcer and the 
hunger pangs of normal subjects uhich Cannon and Washburn (4) and 
Carlson demonstrated to be associated with large contraction waves occumng 
m the nearly empty stomach However, some evidence has been produced 
that pam m peptic ulcer may be associated with gastnc contractions Tlie 
most impressive records are those of Carlson (5) and Christensen (0) Carlson 
mvestigated one case by means of a balloon m the fundus and body of the 
stomach and recorded pams of moderate seventy synchronous with 
contractions of the stomach which were not greater than those felt as hunger 
pangs m the days when the patient had no pam Christensen mvestigated 
18 patients with hunger pams, nrespective of their diagnosis, by means of a 
balloon m the cardiac end of the stomach and found that pam was never 
present without contractions of the stomach, but m the vast majonty of 
patients the contractions were of the normal amphtude and frequency 
“It may even happen m the same gastrographic examination that one 
contraction period is associated with pam, whereas the patient os feehng 
perfectly well durmg another contraction period which does not differ from 
the first one m duration or mtensity ” She accepted contraction of the 
stomach as bemg one factor m the production of the pam because m some 
patients with mtermittent pam, contractions and pam were simultaneous , 
but clearly another factor was mvolved and, not finding the titrable acidity 


r * th at the alkalis commonly used m therapeutics acted thioueh the release 

of CO, It 18 now a^ that magnesium tnsilicate and alumimum wfxide h^'^e a 
quahtatively similar efiicet on pain lyoroxiao na\e a 
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related to pain, she supposed that this second factor A^as the A’arymg state 
of inflammation of the gastanc and duodenal mucosa It may bo noted that 
the only positive evidence for gastne contractions hemg the cause of ulcer 
pain in these two papers was the occurrence of spasms of pain s^Tichronous 
with gastne peristalsis It can be stated that this pam is not the usual pain 
of peptic ulcer which is a steady ache characteristically lasting several 
minutes or hours On the other hand Ortmeyer (12) and Palmer (15) haio 
failed to obtam evidence that gastne contraction is a common factor in ulcer 
pam Ortmeyer recorded from a balloon m the pyloric end of the stomach 
m 29 patients with gastric and duodenal ulcer and found no relationship 
between naturally oocumng pam reheved by alkalr and either peristalsis 
or tone Palmer, recordmg from a balloon m the stomach or duodenum and 
produemg pam by intragastno mjection of HOI, observed pam without 
contraction 198 tunes and mtermittent pams synchronous with contractions 


nme times 

The tension hypothesis has also been explored by viewing tho stomach 
and duodenum by X-rays Beynolds and McClure (19) gave a meal of 
ground beef and barium sulphate and exammed the stomach and duodenum 
at suitable mtervals Thdy found that the occurrence of pam m patients 
with gastne and duodenal ulcer was not related to gastric peristalsis, 
localised spasm of the stomach or spasm of the pylorus Palmer (16), using a 
banum sulphate emulsion contammg 0 6% HOI to produce pain, obscriod 
m patients with gastne or duodenal ulcer no phenomena m tho pm^nce of 
pam which were not observed m its absence , m particular no relationship 
■was observed between the presence or absence of pain and gastne 
or the condition of the dnodenal cap . in duodenal deer !>““ “ 
until the acid emulsion had passed the pylorus Wilson (21), o\ainimn 

tode^ dt “iii dormg pam ^b ordmmp 
nrevidence gastne per»|.Isis - 

but finding that m 13 cases filhng of the pam ho 

on the abdomen was followed almost ^ duodenal caput Tlic 

suggested that pam might be due to ^ ^ ^ f balloon 

ohStoter of the pam and fte ^ 

m mflated m the atoiMA 4“ ^“2 the " maTfeataie of the roforred 

,t aeomad deanable dvaatogalo the pm 

proposed to oonaidor tho nature of tim stmm™ ^ 

Smmte'oftho affonmt™™^»”2waan gaatoo aoidity and pam, 
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the pylorus m 2, and the surgical anastomosis between stomach and jejunum 
in 4 The diagnosis m these cases has been made by ehnical and radiological 
exammation, and confirmed by 'gastroscopy m 4, by operation in *), and by 
autopsy ml In addition, observations were made on three cases of 
caremoma of the stomach verified by operation Tlie patients Imie been 
selected from the matenal available to us on two grounds, firstly because 
they had naturally occurnng pam dunng their stay m hospital and secondly 
because they were mtelhgent and co-operative Throughout these obsena- 
tions we have been careful to a\oid suggestion, merelj* instructing the 
patient to record the time of onset and disappearance of pam and to indicate 
to us, as accurately as he could, its seventy 


The BELA’nOHSHIP between GASTBIO ACIDITV AND TAIN 

The observations here desenbed have been made to determme first 
whether the onset and subsidence of naturally occurnng pam arc related to 
changes m mtrogastnc acidity, second whether artificially mduced aciditj 
of the gastne content will reproduce the same pam, and third whether the 
^degrees of gastne acidity associated with naturally occurnng and artificially 
mduced pam correspond Before descnbmg these observations it is, 
however, desirable that we should refer bnefly to two possible sources of error 
m the methods used to study gastne acidity 


Methods and their sources oj error 

1 Hydrogen ton concentration The conventional method of deter- 
mmmg the acidity of gastne contents is by titratmg the filtered sample with 

jg NaOH usmg Topfer’s reagent and phenolphthalem as mdicators The 
gastne content always contains buffers particularly when undigested or partly 
digested food is present The » free and total acid ” thus represent tw o pomts 
on the titration curve of a buffered solution , and while Michaehs (11) has 
fomd that the HCl content determmed by titration to the pomt at which 
Topfers reagent becomes salmon red usually agrees with the hydrogen ion 
con^ntration determmed eleotrometncally there is no guarantee that this 
is always so Further the end-pomts m the titration are by no means sharp, 
and variations m hghtmg and m estimation of colour, for colour standards 
are rarely used, are usually uncontrolled For these reasons we have 
measured the hydrogen ion concentration electrometneaUy with the double 
qumhydrone electrode on the unfiltered gastne samples 

hydrogen ion concentration of 
^ “ detennmed by the hydrochlonc acid secreted by 

S «Wution with 

urodLf secretions and sahva, by mgested food and its breakdown 
products actmg as buffers, by the secretion of alkalme mucus throughout 
the stomach and by reflux of the alkalme duodenal contents through toe 
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xras meas^d on samples obtamed simultaneous!} from tiro 
Ryle s tubes, one m the pyloao antrum, the other in the body of tlJs stomach 
the position of the tubes bemg verified by X-rays, As might have been 



FOOD t 'f t t 

MILK ItA fORRIOCE MtK't-EOC 

Fig 1 Subject C A (duodenal ulcer) 30 1 46 Shows the pH of samplos of the gastric contents 
obtamed as near as possible simultanoouBly from the pylonc and cardiac ends of the stomach 
Two Kyles tubes were swallowed before the observation and the position of their tips in the 
pvlonc antrum and cardiac end of the stomacdi verified under the X raj screen 


anticipated on theoretical grounds, the pylonc samples become much more 
a lkftliTie than the cardiac, just after food is mgested As digestion proceeds, 
both samples become more acid, the pyloric more rapidly, so that the 
acidities tend to become identical 


It seems clear, therefore, that even if it is the acidity of the gastnc 
content which determmes pain m gastnc and duodenal ulcer, it is to be 
expected that there wfil he some discrepancy between the occurrence of 
pam and the acidity of samples of the gastnc jmee We may also infer that 
this discrepancy will be less obvious as the mterval a ter e as mca 


increases 

ne effect on pain of mthdrawwg and remjecling the stomach contents 
{a) Oastnc vker The following protocol is illustrative 


1 R C F Male net 37 Acute gastnc ulcer 

U6 42 3 0 pm Tea (boiled ogg, breod, weak tea) 

3 26 pem begins 

6 60 pnm sm ere 

5 66 Kyle’s tube passed ^ 

6 0 a® before, aqnration begun 

0 6 132 cc out, pam less 
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6 10 210 c c out pH 1 fiS, pam \or} fliplit 

010 0 14 atomoclnrnslietl out, jwun \cr\ slight 

0 38 0 40 no change 100 c c original contents reinjecteil 

0 41 no ebango 

0 42 pain -ironc 

0 60 pam bod Aspiration begun 

0 51 101 cc out pH 1 00 pain better, novr \cn slight 

10 7 3 atomach contents made nlkahiio with piiK nlk and reinjected 

1 4 pain gone 

1 16 pain Btill absent Sample of gastric content pll < 3( 

In thiB observation severe pam vras rebeved but not abolished by 
withdrawing the stomach contents, aggravated by rcmjectmg them, rebeved 
by agam withdrawing them and finally abolished by reinjection after 
neutralisation It seems clear that the factor m the gastric juice producing 
4 pam was the hydrogen ion, smee the other constitutents and the volume 
were unaltered m the last mjection which actually abobshed pam 

Altogether m 12 observations on 8 cases of gastnc ulcer, emptying 
the stomach through a Ryle’s tube rebeved or abolished the pam during the 
aspiration of 30 to 300 c c of bquid m 1 to 10 mmiites , the pH of the fluid 
removed varied from 1 63 to 4 5 Remjection of the fluid remo\ ed reproduced 
the pam m 1 to 10 mmutes m 7 out of 8 observations on 6 cases , and second 
aspiration rebeved the pam m these 7 instances In one case, in addition 
to that quoted, remjection of the neutralised gastnc contents failed to 
produce the pam 

(6) Duodenal ulcer 

Protocol 2 X> Male aged 66 Large chrome duodenal ulcer floored h> pancrcoa 

6 7 43 3 0 pan pam eei ere amce nudnight not cased b^ milk Bylo’a tube in 

3 35 pom same Aspiration begun 

3 46 pam irhich has been lessenmg durmg aspiration has noir gone 

3 48 470 c c out (pH 1 39} 

3 49 3 58 contents returned to stomach 

4 6 pam lias returned 

4 20 pam bad aspiration begun 

4 26 470 c c out (pH 1 91) Pom gone 8 g (approx ) sodium 

hicarhonaio added to atomach contents (pH = 4 03) 

4 32 4 37 atomach contents so treated returned 
4 60 stiU comfortable 

6 0 sbght discomfort 

6 32 discomfort deSmtely present Aspiration begun 120 c c out 

(pH 1 68) Discomfort gone 

Here agam we see that emptying the stomach abolishes pam which is 
remduced by remjection, rebeved by aspiration, and not reproduced by 
mjectmg the stomach contents after reduemg their acidity In this instance 
there was a shght return of pam 28 mmutes after mjectmg the partly 
neutralised stomach contents, hut this pam was rebeved by aspiration and 
the stomach contents were agam found to have become highly acid Altogether 
pam was abohshed m 6 observations on 6 oases of duodenal nicer by 
withdrawing 100 to 470 c c gastnc contents m 3 to 18 mmutes, the acidity 
vaiymg between pH 1 28 and 1 73 In 4 of the observations the aspirated 

* A mixture of equal parts of calcium sodium and magnesium carbonates 
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fluid ii?as reinjected, pain being reproduced in 3 in 2J to 6 minutes , m 2 of 
these 3 instances the stomach was agam emptied uath rehef of paui 

(c) Gastric cancer In one case, J S , male, aged 66, mth a largo 
ulcerating cancer of the fundus, pam was reheved by aspiratmg m 6 imnutcs 
100 c 0 of blood stained contents (pH 1 2) , the pain disappeared 11 ramiites 
later Eeplacmg the fluid m the stomach remduced pam m 3 minutes, 
pam becommg severe m 16 mmutes, when the pH of the gastric contents 
remamed unchanged 200 cc milk and raw egg were now mtroduccd 
with considerable increase m pam (pH of gastric content 6) , 16 minutes 
later when pam was still severe, 1 drachm of alkahne powder m CO o o water 
was mtroduced Four mmutes later (pH of gastnc content 7) the pam started 
to ease and gradually disappeared over a further 28 mmutes In this case • 
it seems clear that at least two factors were mvolved m producmg the pam, 
the hydrogen ion concentration and the volume of the gastnc contents, 
and it IS mterestmg that this patient stated m his history that his pain was 
abolished by alkali always, by food occasionally 


The relaiionsJnp of the hydrogen ton concentration of the gastnc conlenla to 

naturally occurring pain 

Kthe acidity of the gastnc contents is the determmmg factor m producing 

pam, then thexe^should be a relationship ^tween the ® 

nf pastno contents and the onset and subsidence of pam In 18 cases 

sensations , 

(a) OoBlm vlcer ^ ^ 

following the ingestion of 60 o o ^ ordinsry meals, the taho 

12 honrs during winch the efler eetmg 

bemg removed just ^ ooouLd with the highest acidities 

la each of the outtm so *tamrf P ^ in 

recorded, end wan ulcer in whom pam he^n el 

P H aged 61, a male with a chronic g^ ^ i a At the other extreme 

pH 1 2 and was absent at recurrent after gastroentcros- 

was B M , a male, aged ® ^ greater than pH 2 6 ajid was 

tomy m whom pam occurred ^ ^ example which mcludes tuo 

abseL with ncidjtM ‘^"/\to^tmnt, mth elerge elect ^ 
neriods of pam is shown m Fig iS ^ ^ pancreas and hver 

o^r^when the_^^^^^ “ 
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milk which reduced the acidity to pH 3 8 No pain was experienced during 
the next 3 hours during which the aciditj’ varied, but was on the mIioIo low 
The second period of pam began at pH 2 4 and increased as the aciditj 



789 lO II 12 I 234 56 

HOURS 


Fig 2 Subject E H inth a largo gastnc ulcer measuring 3 5 X 30 cm on tho X film and 
shovm at operation to ha\o eroilod the pancreas, 17 2 45 Shows tho pH of gastnc samples 
removed from an mdwclling Rj lo a tube at holf hourl> mtcr\ als Tho patient kept a record 
of the times at which he rernor cd tho samples and of his pam The dotted lino represents a 
pHofl 56 
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rose to pH 1 4, declining as the acidity fell after food and increasing ns tho 
acidity rose to pH 1 25 

(6) Duodenal vlcer Records were obtained from three cases, pam 
occumrig at acidities greater than pH 1 6, pH 1 76, and pH 18 3?ig 3 is an 
example of a record which includes five penods of pam In tins intelligent 
and co-operative patient, who kept careful records of his experiences, each 
bout of pain began when the acidity of the stomach had nsen to pH 1 6 or 
beyond, and m each case was abolished by food and the consequent fall m 
gastne acidity 



tt pH of 2 16 


(0 ^ I- 

gastric acidity associated with ^ jj^^jiudes two periods of pam, 

or duodenal ulcer Bg ^ ^ ® 2 76 With lesser degrees of acidity, 

Gomnma U interpreting there 

^rereprerentetivetnrnpointomiintlreeniphreired Kret, 



PAIN IN PEPTIC ULCER 


73 


taken at the time when a gastric sample was due, the gastric sample was 
mvanably taken first and the food after , the lessoning of gastric acidity which 
may legitimately he inferred to date from the time of mgcstion of food is 
not shown until the next gastric sample Second it ivill be slioini in the next 
section that when the acidity of the gastric content is abruptly increased by 
the mtragastrio mjection of HCl, pain does not occur at once, but only after 
an mterval , conversely when the change is made abruptly from more acid 
to less acid, pam is not at once abolished, but takes some minutes to disappear. 
Beanng these considerations m mmd it is clear from the examples given 
and from the other results we have obtamed that pain in gastric or duodenal 
ulcer occurs when the stomach contents become more acid and is roheved 
as the acidity lessens, either spontaneously, or through the ingestion of food , 
further, pam nearly always occurs if the stomaeh contents attam a certam 
degree of acidity for a long enough time , and pam is aluays absent or 
declmmg when the gastric acidity is below a certam level for sufficiently long 
In general the agreement between more or less acidity and the u axing and 
wanmg of pam has been closest m duodenal ulcer, and rather less close m 
gastric and anastomotic ulcer This agam is readily accounted for by the 
variations of acidity m difierent parts of the stomach , for as Fig 1 shou s 
the variation is greatest soon after mgcstion of food, at the time nhen gastric 
ulcer pam occurs, and least at a long mterval after food correspondmg to the 
time of pam m duodenal ulcer In anastomotic ulcer yet another factor 
may cause discrepancy, for the ulcer situated close to the stoma may bo 
affected not only by the acid gastnc content but also by the alkalme jejunal 
jmee 

Whilst, therefore, it seems that with ulceration of the stomach and 
duodenum the presence or absence of pam depends on the degree of acidity 
of the gastnc content, it will be clear from inspection of the figures that the 
threshold of acidity necessary to provoke pam vanes greatly from one patient 
to another In general duodenal ulcer has shomi the highest threshold, 
anastomotic ulcer the lowest with gastric ulcer mtermediate , some cases 
of gastnc cancer have a threshold still lower than is found m peptic ulcer 
Urns m the examples given the threshold of acidity necessary to provoke 
pam was approximately pH 16m the duodenal ulcer (Pig 3) and m the 
gastric ulcer (Fig 2), while it was as low as pH 2 76 m the anastomotic ulcer 
(Fig 4) A fall of threshold as the lesion progresses is best seen m gastnc 
cancer where pam is at first not provoked by acidities less than say pH 1 6 
(sec Fig 8) and is easily abolished by alkaU, and later is provoked by quite 
low acidities (pH 3) is nearly contmuous and relieved ivith difficulty by 
alkah With such imtable pam mechanisms it is highly bkely that factors 
other than acid may suffice to excite 

Production of pain by intragastnc injection of acid 

On days dunng which ulcer patients were e^enencing spontaneous pam 
we have sought whether the pam can be reproduced by mtragastnc mjection 
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of acid The observations were made vnth the patient fastmg, a B 3 'lo ’8 tube 
being introduced, and the stomach emptied and -washed out inth tap 
water * If pam was present mitially this procedure abohshed it 200 to 

300 c c of ^ HCl were then mtroduced, a specimen taken, and the stomach 
emptied agam after 20 mmutes and washed out with water If no pam 
resulted, a stronger solution ^ or ^ mtroduced, but the greatest quantity 

ever used was 300 o o acid In about half of the cases the same quantity 
of the same molar concentration of NaCl was mtroduced either before or 
after the acid or between two miections of acid 

The results were as follows — 

(a) Oastnc ulcer In 13 cases of lesser curve gastnc ulcer observed 
durmg the days of pam, mtragastno mjection of acid reproduced the pain 
in 11 The mean mtragastno pH, that is the average of the pH just after 
the mtroduction of acid and that at the time of aspiration is showm for D cases 
m Table I Pam began from 6 to 20 mmutes (average 12^ mmutes) after the 
miection of acid and was relieved dumg the aspiration or gradually dochnod 
durmg the succeedmg 10 mmutes It was mdistmguishablo from that 
spontaneously experienced Injection of similar amounts of salt solution 
d^d not prodLe pam Of the two patients who faded to develop pam, one 
vomited the tube and acid withm a few mmutes The other, a 
with a gastnc ulcer recurrmg after gastroenterostomy received 2 mjections 

of 200 c c . S HCl and 200 c c ^ HCl, the pH bemg respectively 1 60 and 
1 fiS lust after the miections and 6 20 and 3 67 when, after 20 mmutes, the 

stomach m 4 mmutes 

. , . Of 9 o£ daodenal rioer, acid mjoction 

(b), Duodenal ulcer Of 9 cases oi the pam was 

produced pom in 8 after S to 1® commonly oxpenonced »nd iiM 

mdmtmgu^mWe by the w nmJutee Bie feitem 

rebeved tomg the toe Ay bad been rebeved by 

ocourred m a man of .°.j g . „ \ ftom the stomeeb and who ba l»i 

oapmatmg 130 e o (ftee amd 6 8 o c ) fem^ ^ ^ n ho, both 

toter on toe day of toe teat . m bm ^ ^ 3 , ^„te 

fiiiled to prodnoo toe pam, the pH g 
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TABLE I 


Summonses data eoncenung (he relationship hetxcecn xntragastnc pH and pain 


Xame 

Fain Fenod 


Fam fro 

e Fenod 


Natural Gastnc Secret 

ion 

m 

mm 

Batumi 

Secretion 

Acid 

Injection 

Fam present 

Fain 

absent 

Fam 

present 

Fam 

absent 

Lowest 

pH 

Mean 

pH 


Lojrcst 

pH 

Limits 

pH 

Mean 

pH 

Limits 

pH 

Mean 

pH 

Mean 

pH 

A Oostne 

Ulcer 

1 







R Co 

1 6 

15 204 

1 

28 81 

142 

0 35 

— 

— 

PH 

1 

1 24 

1 24 1 81 


3075 

1 41 

3 1 

1 23 

1 42 

RN 

148 

1 48 1 54 


16772 

1 41 

1 94 



— 

RCF 

1 68 

1 68 1 76 


7 23 7 37 : 

1 52 

1 63 

— 

— 

JJf 

1 35 

1 36 3 5 


31 1 

150 

101 

— 

— 

F3: 

13 

13 22 


1832 

1 7 

— 

— 

1 60 

DL 

163 

163 


176 1 

133 

— 

— 

1 15 

"WG 

— 

— 

— 

I 8 

1 4 

— 

— 

— 

EM*» 

22 1 

22 29 

26 

3 76-42 

— 

— 

— 

— 

WC 

1 66 

1 65 1 76 

1 66 

1435 

1 14 

— 

— 

— 

B Duod 

enal Ulce 

r 







a:b 

1 20 

1 26 1 76 

1 3 

4 34 

1 64 

— 

— 

137 

F^ 

1 46 

1 46 1 76 

1 68 

1 6228 

1 46 

16 

1 67 

134 

WDr 

130 

1 30 1 91 


— 

1 68 

2 86 

— 



WJDe 

1 12* 

1 12 1 38 

|M 

RRB 

1 30 

— 

— 


CJL 

136 

1 36 1 46 

M 


12 

— 

1 32, 1 27 

! 

RCl 

1 16 

li613 

122 

1428 

12 

— 

— 

- 

TD 

1 58 

1 68 

168 

— 

1 26 

— 

— 

1 16 

C Anast 

omotic U 

leer 








136 

1 36 1 56 

146 

1 76 7 70 

172 

72 


_ 

R W 

16 

1 6 276 

19 

2 65 61 

12 

— 
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— 


* Histamine 

** Patient had a gastroenterostomy 
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periods being 1 63 and 1 78 for the first and 1 41 and 1 51 for the second 
The failure which we are unable to explain cannot be attributed to tlio ncid 
fluid failing to pass the pylorus for only 114 and 100 c c remained in the 
stomach at the end of the two experimental penods of 20 minutes 

(c) Anastomotic nicer The usual ulcer pam was produced in one patient 
9 minutes after m]ection of 300c c ^H6 i and lOnunutes after 300o o ^ HCl 
and was m each instance reheved during aspiration In another patient 
100 c c HOI produced violent pam begmnmg 1 minute after the injection 
and unreheved by emptymg the stomach of 100 o c , but relieved after 
20 mmutes by sodium bicarbonate 

(d) Oastric cancer In two cases of cancer of the body of the stomach, 
verified at operation, and presentmg with pain of the type here described, 

pam was reproduced by mtragastric rejection of 200 c c ^ HCl and 
300 c c ^HCl in one case and 300 c cs ^ HCl re the other Pam occurred 
after a latency of 9 to 26 mmutes and was abolished by alkah or aspiration 


The rdationship between the intragastric aetdtiy during naturally occurring 
and during artificially produced pain 

If mtragastac .atoy » a feet, the ch»f ™ 

the onset end suhsidenee of pam, then >t » clear 

aeidrty at rrhreh pam natmahy oeems ehenld “III "l,i 

pam L he provoked hy am^ XSrt^ve^ L”"-- 
relevant data and some «hi* ^ e p^ Zod " now concern n. »e 
figures re the table under the heading _i- J-Ty„tionfl m which records of 
first four columns chiefly 3 12 hours, as illustrated by 

gastric acidity and pare were ma g noted in the 

Irgs 3. 4 and 6, and 

previous section, there is a to ® immediately before the onset 

breach and pare, the n, the fourth column (“ pam 

of pare have been oimtted fro ® ^nly one sample of gastne 

absent ”) Where only one pH is ^ and sixth columns 

Itents during or mthout P/^^fprodting pam and acid or salmo not 
Bumreanse the results of mj t P ^ as the arithmetic mean 

producing pare, the P® ^T^^^tmnofthe fluid and at its withdrawal 

of the figures obtained just after 1 produced 

From this table it may recorded durmg natural pare 

by HCl injection was.withm the more acid than any ^aluc 

m3 cases of gastne and 6 of duodenal ulcer an ^ 1 

recorded during natural pam dtftoct teUncy for the aci^ ^ 

anastomotic nicer We during natural pare, w e do not 

to be higher during artificiaUy produceo 
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consider that this mvahdates the hypothesis that acid is the stimulus to pam, 
and for two reasons Firstly, the tendency is most pronoimced m gastnc 
ulcer, in which as we have seen pam occurs at a time when lanations in 
acidity between different parts of the stomach nre most pronoimced , 
samplmg errors are thus to he expected m the obscn ations on natural pam 
Secondly an mterval elapses between the injection of acid mto the stomach 
and the onset of pain , the exposure to acid was m general probably longer 



Fig 5 Subject WD (duodenal ulcer) 7 4 45 Shows the pH ot gastnc samples withdrawn by 
an indwelling Ryle s tube at quarter hourly intenals over 4 hours dunng which the patient 
recorfed the tunes of onset and subsidence of his pam Gruel gii-en imtially was foUowed 
by the spontaneous onset of pam mcreased by givmg histamme 0 5 mg b c i Pam was 
roUo\ ed by milk and reproduced G min after mtroduction of 300 c c -Si- HCl 


mth natmal secretion than with acid mjection This second consideration 
also applies to the three instances m which the mean acidity dur ing acid 
mjection nnassociated with pam exceeded the mean acidity dunng natural 
pam In view of the sources of eixor and the differences m conditions precise 
a^emeut tetweeu the two methods is not to be expected, and the fact that 
the same order of acidities are associated with pam m the two instances mav 
be accepted as at least not mconsistent with the view that acidity is a chief 
factor m the stimulus to pam 


Observations dunng the pain-free penod 

In a number of cases we repeated the observations made duimg the pam 
penod after the patient was symptomless and his ulcer heheved to be healed 
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The second half of Table I shows that m 2 cases of gastnc and 2 of 
duodenal ulcer, a similar degree of intragastnc acidity occurred iinturolh 
uithout the patient expenencmg pam In 3 cases of gastnc and 3 of 
duodenal ulcer m the asnuptomless penod, injection of similar amounts 
of acid reduced intragastnc pH to a similar level as before uithout causing 
pam In addition 3 cases of gastnc and 3 of duodenal ulcer, not tested m tho 

pam penod, expenenced no pam with 200 to 300 c c — acid m tho symptom- 

less penod Four normal subjects behaved similarly Hovever, absence of 
spontaneous pam m ulcer does not necessanly mean that the pam mechamsni 
IS totally insusceptible to acid Thus m 0 A with a very refractory duodenal 

ulcer, pam was entirely absent dunng 34 days of strict diet and al]»nhs and 
^ N 

nocturnal mdk drip , at the end of this time 260 c e of acid produced tjTiical 

ulcer pam m 12 mmutes Subsequently with a relaxation of his regime ho 
had a return of natural pam and X-ray exammation revealed a persistontlj 
active duodenal ulcer In this cose absence of pam may with some 
probability be asenbed to control of acidity rather than to msensitivity of 
the pam mechanism Agam m P H with a large lesser curve gastric ulcer, 
pam was reproduced 4 times by mjectmg 200 c e to ^ HCl on 1 11 40 

and 2 11 40 Prom 29 11 40 onwards he was free of pain On 18 12 40 
200 c 0 ~ HOI produced typical pam reheved by aspiration and tho following 
day X-ray revealed the ulcer reduced m size but stiU large He remamed pam 
free and on 12 2 41 200 c o ^HCl twice failed to produce pam though X-rn-^ s 
BtUl KTeated a defimte moho. now greatly reduced jn 

oc WnTP The mche subsequently disappeared and he remained sjmpion 

L &?^t leS ye» Sc oaLgaSuatrates that lest of 

^ Say XHe total l<»c of ceuctmty of the paur 

It also uJ«rC*Cro sT™ ^ esses 

ro“ Z Z u. he of apprecahle s.te 

Comment - .i 

The observationB here development and 

hypothesis that m and fall m acidity of the stomach 

disappearance of pam are du , .-jj^g^a]opnient of naturally occurnng 
content Thus it has been , ^ence on a faU of intragastnc acidit> 

pain IB consequent on a -d ^ ,,droohlonc acid 
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injection of acid That acidity is the natural stimulus to pam in peptic 
ulcer IS therefore a generalisation that is in agreement Tnth the facts hero 
described, Tvhich confirm and amplify those previously recorded by Palmer (14) 

Acidity IS however, not the only factor m the production of pam A 
degree of mtragastnc acidity, which in the presence of active ulceration is 
adequate to provoke pam, may occur naturally or be artificially mduccd 
without any resultant pam m ulcer patients durmg the pam free mterval, 
and m normal subjects Whether a certam degree of mtragastnc acidity will 
or will not provoke pam depends therefore on the state of the v alls of the 
stomach or duodenum Precisely what is this state of the stomach or 
duodenal wall that confers sensitivity to the acid stimulus is not at present 
entirely clear A break m the contmuity of the mucous membrane as m 
gastnc, duodenal, or anastomotic ulcer, or m caremomatous ulcer or erosive 
gastntis would account for the phenomena we have observed Hardy (8) 
found that mtragastnc mjection of acid would provoke pam m four cases of 
chrome appendicitis and four of cholecystitis m which no gastnc or duodenal 
lesion was found at operation, and his findin gs may suggest that sensitivity 
IS due, not to ulceration, but to some mfiammatory state of the mucous 
membrane We have, however, been impressed uith the difSculty of 
excludmg gastnc or duodenal ulceration at operation , m a case with severe 
and repeated htematemesis, operation by Mr Dickson Wnght disclosed no 
ulcer until the stomach was mcised, when close mspection of the mucous 
membrane revealed an acute gastnc ulcer 0 5 cm m diameter AVhatever 
the ultimate nature of the defect m the mucous membrane that confers 
sensitivity it Is clear that m different patients such defects may be associated 
mth very varymg degrees of sensitivity to acid As has previously been pomted 
out, m duodenal ulcer qmte high degrees of acidity are usually necessary to 
provoke pam, whde m anastomotic ulcer and gastnc cancer a much lower 
value may be adequate 

Bnef consideration may now be given to the grounds on u hich previous 
workers have rejected the hypothesis that variations m mtragastnc acidity 
are the detenninmg cause of the onset and subsidence of pam m peptic ulcer 
The chief objection raised by Hurst (9) was his failure to reproduce pam by 
mtragastnc mjection of acid m six cases of gastnc ulcer confirmed at 
operation This failure may have been due to the acid not havmg been left 
sufficiently long m the stomach to mduce pam or to the ulcer havmg healed 
sufficiently for the pam mechanism to be msensitive to acid That 
mtragastnc mjection of physiological concentrations and amounts of HCl 
will reproduce pam m patients with gastnc ulcer m whom pam is occurrmg 
naturally is abundantly clear from our results and those of Palmer (14) and 
Hardy (8) Agam the lack of agreement between the values for titratable 
acidity of the gastnc content and the presence or absence of pam stressed 
by Hardt (7) and Christensen (6) finds explanation m the results here 
presented The sources of error m estimating pH by titration, and m gastnc 
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sampling have been mentioned Even more important perhaps is the fallaoj 
resnltmg from isolated gastno samples , for smce increase and decrease m 
gastric acidity are followed by the development and disappearanco of pain 
only after the lapse of a certam time, it is clearly compatible with the known 
facts for a smgle gastno sample taken durmg the presence of pam to be loss 
acid than one taken durmg its absence, provided that the gastric aculi{\ 
has undergone recent change os is not infrequent Tlius in the observations 
shown m I^gs 2, 3 and 4, isolated samples could have been obtained sliowing 
higher acidities m the absence tlian m the presence of jiam, and the 
conclusion reached that acidity was not the cause of pam , more frequent 
samplmg prevented this error 

Ag;fl,in Byle (20) and others have pomted out that patients walh severe 
pam from gastric ulcer may show a hypoohlorhydna or even achloriiydria 
durmg a fractional test meal Palmer has shown (13), and w-e have confirmed, 
that such patients may show much higher values for titratable acid during 
naturally oocurrmg pam and after vaned food than durmg a fractional tost 
meal Moreover, as has been clearly demonstrated hero, the threshold of 
acidity to which the pam mechanism responds varies from patient to patient, 
and may be so low that pam is produced at levels of acidity veiy near the 
turnmg pomt of Topfer’s mdicator That one subject secretes a highly acid 

Zld has no pL ^hds anofter <»c«,tes a I-™ 

With the properties here described means simply that the latter has an 

ir = iritis • 

m which the histamme secretion mduced pam and a - p 
IS shown m Pig 6 

The BBIaATIONSHIP BETWEEN PAIN ANP OASTBIC CONTBACriON 

Although the previous Sp^m^m ulcer of the 

acidity determme the appearance an ticts directly as a 

presented 

Pam ard iniragastnc pmmre , , 

„ therefore unhkely to be due to a 

Pam m peptic nicer la oontmno^ . rt „„„toaot.oa K it n d«c 
discontinuous piocess such as repea ^ contraction of the stomne i 

SS^U aen It IS likely to he due to a ^l„,tl,or a gcncratecd 

S“ujkenuui either general or “Scared to record intragn. nc 

oontraotion of the of “ 

pressure directly rather then by meaus 
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was recorded by connecting a Ryle’s tube, indwelling m the stomach, to a 
vertical water manometer by means of rubber tubmg incorporating a glass 
T piece, through which the whole system could be filled with water, and, by a 
suitable arrangement of pmch chps, fiuid mjected mto or withdrawn from the 
stomach The patient m each case was Ijmg on his back m bed with the 
shoulders raised on two, and the head on three pillows, and the muscles as 
far as possible relaxed The manometer was adjusted so that zero on the 
scale corresponded with the level of the umbihcus The obseriations were 
made with the patient fastmg, and the stomach was emptied and thoroughly 
washed out with tap water at the start Each observation was divided mto 
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G Subject W G (gastnc ulcer shown at operation to have eroded pancreas) 3 7 41 Shows 
the uitragastno pressure measured by a water manometer during three periods, in the first 
and third of which 200 c c ^ NaCl was mtroduced mto the empty stomach In the middle 
period 200 c c -S HjSO, was mtroduced and produced pam after 8 mm,, the pam being 


temporarily rebel ed by aspirating the stomach and mcrea!>ed agam by the subsequent 
mtroduction of NaCl before finally disappeanng The pH of gastnc samples remo\ ed at 
the beginmng and end of each experimental penod is shown. 


at least two and usually three experimental periods, m one of which 200 to 
300 c c of to HCl (HjS 04 m one experiment) was mtroduced mto the 
stomach, left there for 20 mmutes and then withdrawn, and m another the 
same volume of the same molar concentration of NaCl was mtroduced for the 
same length of time and subsequently withdrawn Intragastnc pressure is 
dependant on mtrapentoneal pressure (largely due to the state of the 
anterior abdominal wall) and on gastnc tone Li these experiments we have 
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attempted throughout to -DreaervA i. 

to ^ J He, tt4:r 

iDustrated by Kgs o™ "“■““‘MMed m Table 11 end 

5 oases a bttle lower danng tbe traod of *" 

period when pain was absent In one sLs I’l '* ™ iJnring the control 
little iigber than when pam was aCt c.^ WG ’’7 “ 

a ehronie gastae nicer found at operaLn to £ ZL J w' 
eubjert of Kg 6 which presents other features ef mterat S tot 
p^od ro which 200 e e H NaCl were introdnced into the sjal.tud ^ 

which pam was absent, frequent hnef rises of pressure were observed m tim 
manometer, prosumably the result of gastne eentmetious , tlL bnej i^ 
are omitted from the record In the second period 200 e e ^ H,SO,uieroa.ed 

acidity to pH 1 37, falhng to pH 1 69 at the end of tlie 20-inmuto nenod 
Dwing this period peristaltic waves were infrequent Pam began 18 mmules 
after acid had been mtroduced and was eased by aspiratmg 50 c c from the 

stomach, but agam mcreased byinjectmg 200 cc ~ HaCl althougli tlio 

acidity had fallen to pH 2 87 The pam then dechned to disappear 1 7 minutes 
after the NaCl injection (pH 2 79) in one other case of peptic ulcer (A B , 
duodenal ulcer) and m the observation on a case of carcmoma of the stomaoli 
quoted on p 70, we have observed an mcrease m pam mth mtrogastno 
injection of fluid which either left the acidity unchanged (A B ) or reduced it 
In these three observations it seemed clear that the volume of tlio gnstno 
content had an mfluence on pam, and it is of mterest to note m i^g C, tlio 
only observation of tbe three -where it -was recorded, that the mtragnstnc 
pressure was not raised In so far as volume of the gastne content is a factor 
m pain it does not therefore act by raismg mtragastric tension We suggest 
as a tentative hypothesis that distension of the stomach may predispose to 
pam m ulcer hy unfoldmg the rugse and exposing the mucosal lesions more 
fully to the action of acid 


¥ie 7 illustrates one of two similar observations on a case of duodenal 
ulcer (proved at operation) 200 c c HCl produced pam m 16 minutes 
■without any rise m mtragastnc pressure, the pam bemg abolished by 
emptymg the stomach 200 o c NaCl left-m the stomach for 20 mmutcs 

produced no pam, but as m the observation previously described, and mdeed 
as we have usually observed, contraction waves, absent or inconspicuous 
durmg the acid period, now became frequent, and are shown in tlio figure 

After emptymg the stomach 200 o c ^ HCl were replaced and followed by 

one transient peristaltic wave and after 5 mmutes by pam uhich was relieved 
by aspiration Tbe mtragastno pressure m this case of duodenal ulcer 
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Fig 7 Subject F VT (duodenal ulcer) 28 2 40 Shoirs the intragastnc pre<tsurG mcaaurc<l bj 
a water manometer during three periods m the first of which 200 c c — H Cl and m tho third 

200 c c -LhCI were mtroduccd mto the empt^ stomach Fain produced in tho first period 
IS mins and m the third 5 mins after the mtroduction was reliex ed in each caso b\ aspiration 
In tho middle period tho mtroduction of 200 c c XaCl produced no pain 
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8 Subject J S 16 8 41, laige ulceratmg cancer of the fundus demonstrated at operation 
tSbows the mtragastnc pressure measured by a water manometer dunng three penods m the 

first of which 200 oc and m the third 140 cc ofgXaCl were introduced mto the empty 


stomach 


In the middle penod 200 c-c ~ HCl were mtrodaced and produced pam after 
7 mua no rehef tomg ohtomed by aspiration or mtroduction of XaCl Pam was finally 
relieved 16 mi ns after giving 4 g magnesium tnsdicate 
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was higher than in the other cases summarised m Table II, hut uo do not 
attribute any significance to this finding in a wingia case 

fi^g 8 shows the observation on a case of carcmoma of the fundus 
of the stomach Here agam pam was absent during the period m uliich 

200 c c ^ HaCl was left m the stomach but began 8 mmutes after injection 

of 200 c c ^ HCl , the pam was not reheved when this was aspirated, nor 

N 

altered when the volume removed (140 c c ) was replaced by NaCl tvliicli 


reduced the acidity to pH 2 2 The pam was slowly reheved by injecting 
magnesium tnsihcate mto the stomach (pH of gastno content 7 5) Pam 
was agam unassociated with significant change m mtragastnc tension 
These observations, though not numerous, are conclusive m showing 
that pam m gastric ulcer, duodenal ulcer and gastno cancer is not due to 
general mcrease m tone m the wall of the stomach In fact the stimulus 
used to provoke pam, acid, produced m 7 out of the 8 observations a shght 
fall m mtragastnc pressure which was not altered by the subsequent onset 
of pam , also a dimmution m the frequency of peristaltic waves agam umn- 
fluenced by the occurrence of pam In the one case of duodenal ulcer, the 
peristaltic waves occurrmg frequently with NaCl were recogmsed by a 
wmcident transient feelmg of fullness by the patient and the less frequent 

waves occurrmg durmg the pam provoked by HCl ™ ® 
momentary mcrease m pam As others have found, therefore, peristalsis 

may modify pam , it is not its cause 


TABLE n 
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X.-ray examination of the stomach and duodenum 

In these observations made on the fasting patient, pain was produced 
by introducmg into the stomach through a Ryle’s tube 200 or 300 c c barium 
sulphate emulsion contaming HCl to a concentration of •jjj The patient u as 

screened and films taken at mtervols The stomach vas subsoquentlj 
emptied and a similar quantity of the same strength of barium emulsion 
without acid mtroduced and the evammation repeated, control films being 
taken at similar times after mtroducmg barium as in the previous period 
In some observations the procedure was reversed the neutral barium bemg 
mtroduced first The patient remamed erect throughout Seven patients 
with gastnc ulcer, 2 patients with duodenal ulcer, 1 patient with an 
anastomotic ulcer and 2 patients with caremoma were so e\ammed, and tho 
appearances with and without pam compared In addition 2 normal subjects 
and 3 patients with duodenal idcer who did not get pam from the acid barium 
were exammed The difiFerences between the behaviour and appearance of 
the stomach containing neutral and acid barium were similar o\er the whole 
group In aU subjects gastnc jienstalsis was much more active and the 
stomach emptied more qmckly with neutral than ^vlth acid barium Tho 
tone of the stomach appeared better with neutral than with acid banum 
The duodenal cap sometimes seemed larger with neutral and sometimes with 
acid banum In none of these patients did we see localised contractions of 
the stomach or duodenum durmg the penod of pam that were not present 
without pam Thus m the patients with gastnc ulcer, both the appearance 
of the crater and the spasm of the greater curvoture opposmg it were unaltered 
dunng the penod of pam With such contrastmg rates of peristaltic activity 
and emptjmg it was difScult to compare accurately the condition of the 
pylorus , but m some of the gastnc ulcers and m one of the two duodenal 
ulcers Rr Blair was able to satisfy himself &om the ease with which banum 
could be expressed mto the duodenum that no pylorospasm was present durmg 
the penod of pam 

These observations have satisfied us that local contraction of the gut 
IS not the cause of pam m ulcer of the stomach and duodenum Such 
departures from the normal as we have observed dunng the penod of pam 
have not been due to pam but to the stimulus, acid, used to provoke it, as is 
evident from the similar changes seen m normal subjects and ulcer patients 
without pam 

A word may appropriately be said here on the efiect of acid on the 
motor activity of the stomach The observations on mtragastnc pressure 
and the radiological exanunations have consistently shown a reduction m 
peristaltic activity of the stomach mto which hydrochlonc acid m 

concentrations of ^ and — has been mtroduced The radiological examma- 
tions have also shown a slowmg m the rate of gastnc emptymg The same 
conclusion is reached by comparmg the amounts of flmd that can be with- 
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dra-vra from the stomach after similar volumes of the same molar 
concentrations of HOI and NaCl have been mtroduced for similar periods 
In observations made on 7 patients the volume vuthdrawn was m 0 greater 
with HCl than with NaCl For example m case P H , gastnc ulcer, 85 and 
66 c c were withdrawn 22 and 23 mmutes after mtroducmg 200 c c NaCl 
solution, 144 and 140 cc were withdrawn 21 and 22 mmutes after 
mtroducmg 200 c c of HCl solution Hydrochloric acid m the concentrations 
here used, which are withm the range of those occurrmg naturally m the 
stomach, clearly reduces the motor activity of the stomach and prolongs its 
emptymg time 

Comment 

These observations agree with the considerable body of evidence already 
presented by other workers m demonstratmg that neither mcreased general 
tone, nor local contraction nor peristalsis are the cause of pam in peptic 
ulcer Nor is saggmg of the relaxed stomach with consequent traction on its 
superior attachments the cause of pain, for we have been unable consistcntlj 
to modify the pam produced by acid by changmg the posture of the patient 
on a swmg couch from the head up through the horizontal to the head down 
position The pam mdeed has nothing of the properties w^hich charactensc 
other pains of mechanical ongm m that it is unmauenced by purely mechamcal 
factors such as mfluence, for example, the histamme headache This failure 
to find any evidence of a mechanical factor responsible for ulcer pam loaves 
as the more probable the alternative explanation, namely that acid produces 
pam by actmg chemically as an irritant 


Genebaii mscxjssioN 

The evidence presented m this paper offers strong support to the 
hypothesis that pam m ulcer of the stomach and duodenum results from 
exposure of a defective mucous membrane to a certam level i 

concentration for a sufficient time Disagreement with this 
have been based on imperfect collection of data, ^ ^ 

considerations The explanation advanced for the ®^\he 

pam 18 m full accord with the well known relationship 
^gesfon of food Thuo, m gaotao oloer the peak “ 

aanally leaehed between 1 and IJ honrs after fwd, 
deohnes . while m duodenal nicer intragaatrio “““L tg „ 

2 hours or more after food and remams at or about 
agam mgeated In both these oonditions 

closely simulates that of mtragastno aoidi y ® i_ .j—hmed on the 
rehef of pam by alkah, by food, and by Tomiting is occniOTg 

Ld hypothesis In fact we would go so far as to suggest that ^ ote^g 

some ^e after food and reheved by alkali, by food ” of to 
arises as a consequence of the action of acid gastnc ] 
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stomach or of the gut m direct contmuity with the stomach, such as the 
duodenum or, m surgical anastomosis, the jejunum , and that this is m general 
true whatever the site of the pam Instances of unusual reference of pam 
will be given m the next paper The conception that pam \nth the above 
characteristics may result purely from some motor or secretory disturbance 
of the stomach excited reflexly from a lesion of the appendix or gall bladder 
has, we think, arisen as a consequence of the difficulty of rccognismg by 
X.-ray8 small lesions of the mucous membrane of the stomach and duodenum 
The confusion should be dispelled by the mcrcasmg ftequency of gastroscopic 
exammation and by improvements m radiological technique 

The few observations recorded m Table I, and the records of Brown and 
Dolkart (3) suggest that mtragastnc acidity is not greatly different dunng the 
penods of relapse and remission which are so conspicuous a feature of the 
natural history of peptic ulcer It seems probable, therefore, that the 
difference between the patient when he has frequent severe pam and when he 
has none is not due to the more extreme acidities reached, but to the more 
vulnerable state of the gut wall m the pam period 

^though it seems clear that acid is ordmanly the agent which excites 
pam m simple or mahgnant ulcer of the stomach and adjacent gut, it should be 
stated at once that there may be other agents or mechanisms causmg pam 
from these sites We have encountered patients with gastnc cancer and 
other conditions m which the gastnc jmee was found to be persistently 
alkahne or neutral to htmus and m which there was reason to beheve that 
pam came from the stomach The mechanism by which pam arises m 
such conditions has not been mvestigated and they are mentioned here 
merely so that they should not be oonfosed with the pam considered m this 
paper 


The precise nature of the mechanism by which acid excites pam when a 
gastnc or duodenal lesion is present will be more fully considered m the 
next paper which deals with the site of the pam nerve-endmgs concerned 
It ^y be said, however, that there are clearly two possibihties, namely that 
acid may act directly on pam nerves or it may act mdirectly by mjurmg 
the cells of exposed tissue from which is released a substance which itself 
is the stimulus to which pam nerve endmgs respond Peptic digestion of the 
exposed tissue is, we think, unlikely to be a factor of importance m the 
production of pam, because the optimum pH for peptic digestion is about 1 9 
whereas rfs we have seen from the level of acidity at which pam occurs is m' 
many cases considerably higher (see for example Pig 2 and 3) Whether it 
acts directly or mduectly acidity itself is probably the imtant causmg ulcer 

pQtZZl ^ 

The hypothesis developed m this paper concerning the mechanism of 
pam m peptic ulcer has apphcations to practical therapeutics The 

characteristics described m this paper implies 
firstly that the mucous membrane of stomach or adjacent gut is defective 



80 


BONNEY AND PICK BEING 


drawn from the stomach after similar volnmoo t 
concentrations of HCl and NaCl have been f 

( 

Gomment 

These observations agree with the considerable body of evidence already 
presented by other workers in demonstrating that neither increased general 
tone, nor local contraction nor peristalsis are the cause of pain in peptic 
ulcer Nor is saggmg of the relaxed stomach inth consequent traction on its 
superior attachments the cause of pam, for we have been unable consistent]} 
to modify the pam produced by acid by changmg the posture of the patient 
on a sivmg couch from the head up through the horizontal to the head donn 
position The pam mdeed has nothmg of the properties which charactonso 
other pains of mechanical ongm m that it is unmfluenced by purely mechanical 
factors such as mfluence, for example, the histamme headache This failure 
to find any evidence of a mechanical factor responsible for ulcer pam leaves 
as the more probable the alternative explanation, namely that acid produces 
pam by actmg chemically as an irntant 


General discussion 

The evidence presented m this paper offers strong support to the 
hypothesis that pam m ulcer of the stomach and duodenum results from 
exposure of a defective mucous membrane to a certam level of hydrogen ion 
concentration for a suflScient time Disagreement with this view seems to 
have been based on imperfect collection of data, and on speculative 
considerations The explanation advanced for the mechanism of ulcer 
pam is m full accord with the well known relationship between pam and the 
mgestion of food Thus, m gastno ulcer the peak of mtragastne aciditj is 
usually reached between 1 and IJ hours after food, after which acidity 
declmes , while m duodenal ulcer mtnagastne acidity usually reaches a peak 
2 hours or more after food and remains at or about this' level until food is 
agam mgested Jh both these conditions the tune mtensity curve for pain 
closely simulates that of mtragastric acidity Again the characteristic 
rehef of pam by alkali, by food, and by vomitmg is simply explamed on the 
acid hypothesis In fact we would go so far as to suggest that pain occurring 
some time after food and relieved by alkali, by food or by vomitmg always 
arises as a consequence of the action of acid gastnc juice on a lesion of the 
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'inacli or of the gut m direct continuity uith the stomach, such as the 
odenum or, m surgical anastomosis, the jejunum , and that this is m general 
le whatever the site of the pam Instances of unusual reference of pam 
11 he given m the nevt paper Tlie conception that pam with the above 
aractenstics may result purely from some motor or secretory disturbance 
the stomach excited reflexly from a lesion of the appendix or gall bladder 
s, we think, arisen as a consequence of the difiBculty of recognismg by 
rays small lesions of the mucous membrane of the stomach and duodenum 
le confusion should be dispelled by the mcreasmg frequency of gastroscopic 
animation and by improvements m radiological technique 

The few observations recorded m Table I, and the records of Brown and 
ilkart (3) suggest that mtragastric acidity is not greatly different durmg the 
nods of relapse and remission which are so conspicuous a feature of the 
tural history of peptic ulcer It seems probable, therefore, that the 
Eference between the patient when he has frequent severe pam and when he 
s none is not due to the more extreme acidities reached, but to the more 
Inerable state of the gut wall m the pain penod 

Although it seems clear that acid is ordmanly the agent which excites 
m m simple or mahgnant ulcer of the stomach and adjacent gut, it should he 
ited at once that there may he other agents or mechanisms causmg pam 
)m these sites We have encountered patients with gastnc cancer and 
her conditions m which the gastnc jmee was found to he persistently 
kahne or neutral to htmus and m which there was reason to believe that 
m came from the stomach The mechanism by which pam arises m 
ch conditions has not been mvestigated and they are mentioned here 
srely so that they should not be confused with the pam considered m this 
per 

The precise nature of the mechanism by which acid excites pam when a 
stne or duodenal lesion is present will be more fully considered m the 
xt paper which deals with the site of the pam nerve-endmgs concerned 
may be said, however, that there are clearly two possibihties, namely that 
id may act directly on pam nerves or it may act mdirectly by mjurmg 
e cells of exposed tissue from which is released a substance which itself 
the stimulus to which pam nerve endmgs respond Peptic digestion of the 
posed tissue is, we thmk, unlikely to be a factor of importance m the 
oduction of pam, because the optimum pH for peptic digestion is about 1 9, 
lereas as we have seen from the level of acidity at which pam occurs is m 
iny cases considerably higher (see for example Pig 2 and 3) Whether it 
ts directly or mdirectly acidity itself is probably the imtant causmg ulcer 
m 

The hypothesis developed m this paper concemmg the mechanism of 
m m peptic ulcer has apphcations to practical therapeutics The 
currence of pam havmg the characteristics described m this paper implies 
stly that the mucous membrane of stomach or adjacent gut is defective. 
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for example by reason of a smgle nicer or multiple erosions, and secondh 
that intragastric acidity is exceedmg the level at which acid is acting ns nn 
irritant upon the hving cells of the gut wall It may be inferred, therefore, 
that unless the regime adopted m the treatment of ulcer keeps the patient 
free from pam it is not mamtammg conditions m the forogut ulnch arc 
conducive to the repair of the lesions of its wall, an inference uhich is 
broadly m accord with experience 


SU2kIMA»y 


1 The relationship between the development and subsidence of pain 
and changes m mtragastne acidity has been mvestigated in patients 
suffermg from peptic ulceration of the stomach, duodenum and surgical 
anastomosis between stomach and jejunum and m a small number of cases of 
gastric cancer Samples were obtamed by gastnc mtubation and their pH 
determmed by the double qumhydrone electrode 


2 The hydrogen ion concentrations of samples simultaneously inth- 
drawn from the body and pyloric end of the stomach are not identical , the 
descrepancy ifl greatest soon after the mgestion of food 


3 Naturally occurrmg pam is reheved by emptying the stomach , it 
can be remduced by retummg the gastnc contents , it is not reinduced if the 
gastric contents are neutralised before bemg returned to the stomach 

4 Repeated samphng of the gastnc contents shows that naturally 
occurring pam is closely related to changes m mtragastne acidity Pam 
tends to occur if the hydrogen ion concentration exceeds a certam level for a 
long enough time, and to disappear if the acidity falls much below this level 


6 Durmg the period when the patient is subject to naturally occurring 
pam mtragastne mjection of 200 to 300 c c of ^ to ^ HCl mduces pam after 

a latent period of about 10 mmutes The pam is reheved m a few ^utes by 
withdrawal of the acid and is not mdneed by similar amounts of the same 
molar concentration of NaCl 


6 In the pam free period and m normal subjects mjection of acid does 
not mduce pam 

7 There is a close relationship between the levels of mtragastne 
acidity associated with naturaHy occurrmg pam and the levels associated 
with pam mduced by mtragastne mjection of HCl 

8 It is concluded therefore that m a general way pam ^ 
ulceration is due to the action of a certam degree of acidity for a certam time 
on a gastnc or mtestmal wall whose mucous membrane is delectiv 
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9 The mtragastnc pressure during pain induced by HCl solutions is 
not higher but is usually shghtly lower than in the absence of pain wnth 
similar volumes of NaCl solutions mtroduced mto the stomach 

10 Radiological exammation has revealed durmg the period of pam no 
localised contractions of stomach or duodenum, that were not present uhen 
pam was absent 

11 It IS concluded that pam m peptic ulcer is not due to general or local 
contraction of the stomach or duodenum Pam is due to the chemical action 
of acid on a defective gut wall 
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OBSERVATIONS ON TBDE MECHANISM OF PAIN IN ULCER OF 
THE STOMACH AND DUODENUM 


PART n — THE LOCATION OF THE PAIN NERVE 

ENDINGS 


By G L W BONNEY and G W PICKERING 
{From the Medical Clinic, St Mary's Hospital Medical School and 
Harefield E M S Hospital ) 


In the previous paper (3), confirming and amplifying the results of Pahner 
(21, 22, 23), evidence has been presented that m ulcer of the stomach and 
duodenum pam is due to the action of a sufBcient concentration of hydrogen 
ions for a sufGicient time on a defective gastric or duodenal wall Smce 
search failed to reveal that acid produces pam through a mecbamcal change 
m the gut or its attachments it may be presumed to act through a chemical 
stimidation of pam nerve endmgs The location of these nerve endmgs will 
be considered m this paper 

The appbcation of dilute hydrochloric acid to an ulcer of the ^km is 
painful, while the same solution apphed to normal skm is not It may not 
therefore seem surpnsmg that the attainment of a certam acidity of the 
gastric content should give nse to pam when the surface of the stomach or ' 
adjacent gut is ulcerated and yet be painless when the mucous membrane 
IS mtact Nor would it be surprising to find that the degree of acidity 
necessary to produce pam should depend on the extent and mtensity of the 
mfiamed area The simple explanation that pam m gastric and duodenal 
ulcer IS due to direct stimulation by acid of pam nerve endmgs m the ulcerated 
areas would fit the facts recorded m the previous paper But it cannot be 
accepted without further consideration because of the doubt as to whether 
the wall of the gut contains pam nerves at all For most of the somatic 
structures known to bo sensitive to pam can be shown to give nse to pam 
when directly stunidated mechamcally In the case of the stomach and 
duodenum the evidence is confiictmg and wiU now be considered 
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The patn sensibihty of the stomadh and duodenum to mechanical 

ahmulaiton 


Aiumal experiment is indecisive as to whether afferent nerves pass from 
the stomach and duodenum to the central nervous system 

Thus MeSwmey and Suffolk (18) obtamed reflex dilatation of the pupil 
m chloralosed cats by mflatmg balloons m stomach or duodenum, and thej 
were able by this method to identify the spmal roots by which tlio afferent 
fibres entered the cord On the other hand Louts and Kellgren (16) uero 
able constantly to obtam m the spmal cat reflex contraction of the right 
rectus abdominis muscle from pmchmg the mesentery of tlio duodenum, 
which mcludes pancreas, but none from the duodenum itself Wiatevcr 
the outcome of such experiments it is clear that ui view of species differences 
the final evidence must be obtamed m man The chief data come from the 

experience of surgeons who have tested the sensibflity of the contents of the 
abdommal cavity The most comprehensive study is that of Lennandor 
(9, 10), who, operatmg under morphme and ansesthetisation of the skin uith 
cocame, observed the stomach to be qmte msensitive to outtmg, burning, 
pmchmg, and prickmg It is true that, m the three cases uhcro Ins 

observations are fully described, a general ansesthetic had to be used in the 
early stages, but the patient was awake and answermg questions before tuo 
gastroenterostomies and one pyloreotomy were performed, and m at least 
one case pam ansmg from traction on the mesentery was felt Lonnandor’s 
contention that the hollow abdommal viscera are totally insensitive to pam 
was confirmed by Mackenzie (17) who stated that m some cases he operated 
without any ansesthetic, but he gave no details concerning the stomach 
In the foUowmg case our oivn observations agree closely mth those ol 


Lennander _ 

On 3 12 45 8 gBStrostomy was performed by one of I* on C L , 

SK to t“ to ».dtae «ld bdow « . 1» .d to .t to 

umSus Approach was by 8 left epigastno transrectuH mcision w«ion and 

Incision and retraction of rwtns sheath 

midway between the greater and lesser cuiwtu^» insertion of the tube, and the 

p.„“ “to ru »d « f.r «». 

to.ppi.e.i»» f HOI, to 

for insertion of the tube and for closmg Seton of pam 

handlmg of extrapentonoal tissue was necessary for the production ^ 

That the stomach is msensitive is the very general view g 
have expenenee of operatmg under local anesthesia On the other 
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Wolff and Wolff (28) in their studies on a male subject with a permanent 
gastrostomy openmg found that pmchmg or applymg a faradio current to 
normal gastric mucosa was painless but that when the mucosa as inhamed 
these stimub were painful 

Morley (19), operatmg after mfiltratmg the abdonunal w all wth procaine, 
noted that picking up the mflamed stomach wall adjacent to a prepyloric 
ulcer u as painless m one case, and m another that scizmg a duodenal ulcer 
with toothed forceps and squeezmg ulcer betu een finger and thumb aroused 
do sensation On the other hand Dragstedt and Palmer (4), operatmg with 
procame anssthetisation of the abdonunal wall on a case of duodenal ulcer, 
shown shortly before operation to be acid sensitive, found that on gently 
rubbmg the serosa over the puckered scar on the anterior surface of the 
duodenum, 1 cm distal to the pylorus, pam similar to ulcer distress wos 
experienced and persisted after rubbmg was stopped Traction on the 
duodenum also gave pamf which was reheved by mjectmg 20 c c 6% sodium 
bicarbonate solution through a hypodermic needle mto the lumen of the 
pylorus, although traction was mamtamed 20 c c of 0 5% HCl mjected 
mto the lumen 5 mmutes later produced pam almost immediately which 
was partly reheved by mjection of sodium bicarbonate They observed also 
contraction n aves passmg across the pylonc antrum unassociated with pam 
and a contraction rmg of the duodenum, distal to the ulcer, associated mtli 
momentary crampmg pains 

It IS by no means easy to explam these very divergent findmgs of careful 
and experienced observers , it may be suggested that Palmer and Dragstedt’s 
case differed from Morley’s two m that the ulcer was already bemg stimulated 
by the acid chyme nearly to the pomt of pam, as the rehef occasioned by 
NaHCOj suggests, with a consequent lowenng of threshold to mechamcal 
stunuh , for a very similar state of affairs has been observed m mflamed 
or mjured skm by Lewis and Hess (14) A precisely similar difference of 
opinion exists as to whether pam can be ehcited from the region of the ulcer 
by pressure apphed through the abdonunal wall m the mtact subject 

Mackenzie (17) mamtamed that tenderness ehcited by pressure on the 
abdonunal wall came chiefly from the muscles and that pam and tenderness 
were localised to an area which did not correspond to the position of the 
ulcer as seen at operation or autopsy Hurst (8), as a result of his experiences 
dunng X-ray exammation of the stomach and duodenum, subsequently 
concluded that tenderness was of two kmds, visceral tenderness ehcited by 
deep palpation, localised to the actual ulcer crater and likewise movmg with 
change of posture, and reflex tenderness ansmg from the abdominal wall, 
constant m position and ehcited by hghter palpation Hurst attributed deep 
tenderness to the mflamed serosa overlymg the ulcer hemg sensitive to 
pressure Hurst’s observations on deep tenderness were confirmed by 
Morley and Twinmg (20), who, m 24 cases of gastric and duodenal ulcer, 
marked the position of deep tenderness m the erect, supme and two lateral 
positions and subsequently X-rayed the patient The position of the pomt 
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of deep tenderness changed with posture and was found to coincide uith the 
actual ulcer crater in each position Influenced by Morloy’s oporntno 
finding that the e3q)osed ulcer was insensitive to mechamcal stimulation 
even when deep tenderness could be ebcited before anscsthetismg the 
abdominal wall, they supposed the moving tenderness arose from the parietal 
peritoneum sensitised by contact with the mflamed ulcer With this 
mterpretation we cannot agree, doubtmgthe abihtyof the momentary presence 
of an mflamed serosa m contact mth the panetal peritoneum to confer on 
the latter a lowered threshold to pam from pressure Moreo\or, in Morley’s 
case, J J , m which deep tenderness was observed to be present immediately 
before operation, and to move considerably with change m position (Merle's ’s 
S^g 16 (19)), it seems that the ulcer was not actually m contact with the 
anterior abdommal wall for m his description of the operation he states 
“ When the hver margm was gently dra'sm up by a finger a large stellate 
ulcer m the anterior wall of the duodenum was eirposed to view' ” But close 
correspondence of deep tenderness and ulcer crater is strilong enough to 
suggest that pam can be ehoited from the ulcer crater or its immediate 
neighbourhood by pressure If it is possible to ehcit pam from the ulcer 
by a mechanical stimulus when it is active it is clearly conceivable that a 
chemical stimulus may also do so 

The difficulty m acceptmg deep tenderness as a proof of the sensibility 
of the ulcer area to pam lies m the fact that the stimulus used to ehcit pam, 
namely digital pressure, affects not only the ulcer and its mmediate adnexa 
but also the anterior and the posterior abdommal walls The intervention 
of one of these structnres can be elimmated expenmentally, for the anterior 
abdommal wall can be completely anaesthetised hy mjectmg proesme around 
the mtercostal nerves 


The ^ect m terdmeis of anaethetiemg the ontener Mamed mil 
Om first expermsnts wore msds with local mfiltrstion snicrthcMS of the 
abdommal waU In one case of caremomatons nicer 
of the stomaoh, mfiltratron of the 

renderme the skm anaesthetic and analgesic failed to effect the tenderness 
but deeper mfiltration of the rectus abolished it Although, ° ' 
se^rtriSttenderness orrgmated m the rect^ or 
exclude the posmbfirty that some of the snwsthete might have entered 

^ WrSSe proceeded 1. produce rngl^al 
1 to 2% prooame with adrenalme around the ^ 

antenor « Ime tom T 5 to T n mcl^^ on one^oM^ total 

amonnt of ansesthetio ^ o/manmum tenderness to deep 

tender area was mapped out, and the site oi , . the nerves 

palpation marked m mk on the skm of the „f motns 

were mjected The oourso of analgesia , ^ tenderness noted 

paralysis was observed at mtervals and any change 
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In some of these patients, on. the same or a closely precedmg or succeedmg 
day, the pomt of mn-nmnm tenderness to deep palpation ivas agam deter- 
mmed and covered ivith a radio-opaque marker after the stomach had been 
filled mth banum emulsion , a film v as then taken to sho'w the relationship 
of the pomt of maximum tenderness to the ulcer Tlie pomt of maximum 
tenderness remamed constant from day to day m all the patients we have 
observed 

Tlie results of these observations are summarised m Table I Of three 
patients ivith gastric ulcer, one of whom had a gastro-enterostomy, complete 
analgesia of the epigastrium was obtamed from umbihcus to ensiform 
cartilage m 2, and m both tenderness to deep palpation was completely 
abolished In one of these pam had been produced before the mtercostal 

block by mtragastnc mjection of ^ HCl, and this pam disappeared durmg 
the course of the analgesia In the third case with a very large penetratmg 
ulcer of the lesser curve only partial analgesia was obtamed on two occasions 
and m each case the tenderness, which was pronounced, remamed unaltered 
A marker placed on the tender spot covered the lower edge of the ulcer 
crater on the X-ray film 

In 9 out of 10 observations on 9 eases of duodenal ulcer, tenderness was 
completely abolished to deep palpation In 6 of these observations pam uas 
absent throughout In one, spontaneous pam present at the outset dis- 
appeared durmg the observation, although the acidity of the gastnc contents 
taken after the cessation of pam was pK 1 37, an adequate acidity m this 
patient to imtiate pam In one, spontaneous pam present at the outset 
remamed when analgesia had developed and tenderness had gone, later 
becommg less and chiefly above its usual site In 2 others, pam produced 
imtially by mtragastnc mjection of acid disappeared with tenderness though 
acidity remamed high In the three cases where the pomt was enquired 
mto, the pomt of maximum tenderness lay at some distance from the 
duodenum The foUowmg protocol is illustrative 
C.A Daodenal ulcer 19 11 44 

6 30 p m Complains of aching pam one mch above and just to the right of umbihcus 
continuous since 6pm and gradually mcreasmg Exquisite tenderness over area, two mches m 
diameter one mch above and to the right of the umnbihciis I.ess tender in diffuse area above 
this both to the right and to the left of the mid hne Tight contraction of the right rectus 
abdomims muscle 

6 46 to 7 16 pjn 60 c c 1 6% novocame with adrenahne mjected around mtercostal nerves 
T5 to 12 on both sides m nud axillaiy hne 

7 16pm Analgesia to pm pnck eztendmg above to 5th and 6th costal cartilages and below 
to two mches and one mch beneath the umbihcus on the right and left sides respectively Strokmg 
analgesic area felt as rubbing sensation. 

7 20 p m. Complete paralysis of upper rectus on both sides Complete anssthesia to 
cotton wool over area of analgesia Fain has now gone and is replaced by sensation of heavmess 
m epigastrium. Tenderness to moderate pressure abolished 

7 30 p m No pam , analgesia and ancesthesia persist No tenderness even on heavy pressure 
with fist through epigastrium, and palpation of posterior abdominal wall, through paralysed rectos 

7 60 pjn Analgesia and anaesthesia persist Tenderness still unobtainable 

22 11 44 Tenderness persists m same position though it has been less pronounced smce 
mtercostal block area marked with radio opaque wire m erect position Banum meal shows 
deformed irritable duodenal cap two mcfaes above the tender area 
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The remaining patient, J W , \ias tender over the right rectus midway 
between umbihcus and xiphistemum Injection of the right mtercostal 
nerves T5 to 11 mclusive produced complete analgesia to pm pnck but 
mcomplete loss to touch extendmg from umbihcus to ensiform, and tenderness, 
though diminished, could still be ehcited by deep pressure through the 
analgesic skm In the erect position a marker placed over the pomt of 
maximum tenderness overlay the deformed and irritable duodenal cap as 
visualised by X-ray 

In one case of an active gastnc and mactive duodenal ulcer (operation 
findin g) and m one of caremoma of the body of the stomach tenderness was 
abolished by mtercostal block 

We conclude &om these results that m most cases of gastnc and 
duodenal ulcer, much if not all of the tenderness to palpation is ehcited from 
the structures of the antenor abdonunal wall This conclusion is reinforced 
by control observations on 4 cases (D L , R Cl , J D , and W C ) m which 
mjection of the same quantity of the same solution of procame and 
a^nahne subcutaneously over the nbs T 5 to T 11 produced no analgesia 
of the epigastnc skm, no muscular paralysis and no change m epigastnc 
tenderness , the abohtion of tenderness m the observations cited therefore 
must have been due not to the procame itself but to its mterruptmg 
conduction through the mtercostal nerves This conclusion also agrees with 
the lesser number of cases m which we have shown that the tenderness and 
ulcer do not correspond m position It harmonises with our repeated failure 
to demonstrate that tenderness shifts with the postmre of the patient and 
agrees with the conclusions reached by Bolton who, usmg only hght palpation, 
found tenderness to be constant m position and not to overhe the ulcer 
crater 

We have been able to confirm this conclusion by an observation of a 
different kmd m one patient with an epigastnc hernia 9 cm + 6 cm , 
followmg a imdline mcision for perforated gastnc ulcer, and who had 
recurrent attacks of pam due to anastomotic ulcer followmg partial 
gastrectomy , we observed that dunng one of these attacks tenderness was 
maximal m the upper part of the nght rectus close to the costal margm , 
deep palpation of the epigastrium between the recti was painless , insertmg 
the thumb through the herma and nippmg the rectus between finger and 
thumb was painful when the upper nght, but not when the upper left, rectus 
was so seized 

We were mterested to observe that m many of these cases with regional 
anaesthesia, tenderness did not return for 1, 2 or 3 days, although the 
sensation m the skm had recovered completely m 2 or 3 hours In one ease 
the tenderness, abolished by mtercostal block, did not reappear dunng the 
whole of the patient’s 4-week stay m hospital This new observation ma\ 
be set alongside the old to which Ryle refers, that tenderness often persists 
many days after the patient has, m response to treatment, ceased to feel 
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pain The mechamsm by TP-hich the muscles of the anterior abdommal wall 
become tender in disease of the abdonunal viscera is imknown and its 
discussion irrelevant to our mam theme But it seems clear that the dis> 
turbance of the muscles is cut short by paralysmg temporarily their motor 
and sensory supply, and that it usually takes time to be re-cstablishod 
In some of these observations, pam present imtially disappeared during 
ansesthetisation of the abdominal wall, even though gastric acidity remained 
high We would emphasise that the pomt as to whether pam can or cannot 
be ehcited from the stomach when the anterior abdommal wall is amcsthotic 
18 too important to be decided by observations designed to settle an entirely 
different issue We therefore refram from draumg any conclusions until 
properly designed experiments have been made 

Had we been able to demonstrate tenderness localised to the ulcer 
crater, and ahifting with it, when the antenor abdommal nail had been 
anaesthetised we should have had evidence concemmg the site of origin of 
ulcer pam Our failure to do this, and the conclusion that tenderness lies 
chiefly m the antenor abdommal wall leaves the position once more open 
and it may now be attacked from a different approach 


ntts&ntcTy and post&rtor ubdommal wall considered 

The difficulty which hes m the way of the snnple hypothesis that pam 
m peptic ulcer is due to stimulation of pam nerve endmgs by acid arises from 
the doubt as to whether such nerve endmgs actually exist m the stomaij and 
duodenum , it is a difficulty that is not peculiar to the chemical hj-pothesis, 
applymg equally to the tension hypothesis, and m no way v eakens the 
conclusions reached m the previous paper Became of this 
relevant to enquire mto the alternative Lennander (9) found that all «io 
hoUow viscera and their mesentenes were insensitive to direct stimulation 
but that the parietal peritoneal aspect of both anterior an p 

abdommal walls was extremely sensitive He nerve 

the abdommal pam of visceral disorder was due to stimffiation of 
endmgs m the abdommal waU either by stretchmg them as for 
through traction on the base of the mesentery, 

consequent on lymphatic spread of mflammatory products fmrn ^e to 

viscus In the case of peptic ulcer, he supposed that pam , 

both halves of the diaphragm and the antenor and posjeno 

with consequent enhanced nntabihty of the neighbouring p 

The attach of pam were thought to arise from imtation of 

endings by the arrival thereabouts of lymph ® ^towards mechanical 

epigastric tenderness to the enhanced imtabihty towards me 

stunulation of these nerves , , i. i„„,«i,of,c snread of active 

There is clear evidence from the skm a J ^ . subcutaneously 
substances may occur Thus the mjection o runmng provimally 

may be foUowed by the appearance of blanched streaks runmng p 
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along the course of the veins from the site of mjection Some years ago 
one of us (G W P ) observed m his wife that a bum of the skm over the 
knuckle of the mdex finger was followed m about 2 hours by mtense red 
streaks about 2 mm wide close to the plevus of veins on the dorsum of the 
hand, and foUowmg these prosimally to the wnst , there was no abrasion of 
the skm and no infection A similar phenomenon after freezmg and 
ultraviolet irradiation of the skm was observed by Lewis and Zotterman (IG) 
Lewis and Hess (14) have also attributed the spread along the course of the 
veins of tenderness after local mjury of the skm to difiiision of m]ury products 
through the lymphatics In the last two instances we see substances 
released from the skm by mjury producmg their effects at a distance by 
conduction by, and diffusion from, Ijrmphatics 

In the particular case of peptic ulcer there is evidence of the diffusion 
of mjury products from the affected viscus mto lymphatics for it is a frequent 
experience at operation m peptic ulcer to find the lymphatic glands on the 
greater and lesser curvatures of the stomach enlarged and pmk Glands 
ohtamed by us at operation from two cases of active gastric ulcer showed 
conspicuous hyperaemia m both and oedema m one Professor C A Pannett 
has also informed us that a very frequent operation findmg is mflammatory 
thickemng of the lesser omentum There is therefore a pnma facie case for 
the hypothesis that pam m peptic ulcer arises from pam nerve endmgs at a 
distance from the viscera through the lymphatic spread of mjury products 
from the ulcer or its neighbourhood Lennander’s hypothesis, implying as 
it does a chemical stimulation of pam nerve-endmgs, is m general conformity 
with the conclusions reached m the previous paper The chief difficulty 
m acceptmg it is the tune relations of the pam m response to the apphcation 
and withdrawal of the chemical stimulus, acid These time relations and their 
imphcations will now he considered 

The time relations of gastric nicer pain 
In the previous paper it was mentioned that mtroduction of acid mto 
the stomach does not at once give rise to pam , usually it does so only after 
a latent period of several mmutes Similarly a latent penod elapses between 
emptymg the stomach or administration of alkah and the complete abolition 
of pam These tune relations for ulcer of the stomach are summarised m 
Table 11 , the data for duodenal ulcer are similar, but smce the activity of 
the pylorus mtroduces an additional unknown factor we have not mcluded 
them m the Table The first column shows the mterval elapsmg from the 
begmnmg of acid mjection to the onset of pam , 200 to 300 c c of ^ to ^ 

acid was mjected m 1 to 3 mm , pam began 3 to 19 mmutes after begmnmg 
the mjection The second and third columns give the data for emptying 
the stomach, the second column givmg the duration of aspiration and the 
third the time from the beginning of aspiration to the end of pam In each 
case pam began to lessen durmg the aspiration , m one case it ended before 
the stomach was fully emptied, and m the remamder 0 to more than 14 
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TABLE n 


Time relations of patn produced tn patients with gastnc ulcer HCl and rcUmd 

by aspiration and admimstralton of alkali 



4 

Tme IN Minutes 


Patifnt 

From begin 

From bogmntng aspiration 

From gnuigolkati 


ning acid 

to 


to 




end of 





pam 

end of 

pam 

pam 



aspiration 

pam 

oosmg 

pone 

RCF 

9 

— 

— 

— 

4 

FH 

7 

2 

3 




18 

16 

20 

2 

G 

RN 

12 

3 

8 

— 

— 

\VG 

18 

2 

13 

— 

— 

3 

4 

18* 

— — 


FC 

5 

1 

4 

— 

— 

1 

19 

3 

4t 



JN 

G 

6 

16 

— 

\ 14 

1 ® 

8 


16 

10 

10 

— 

— 


19 

3 

4 1 



LO 

t 

6 

__ 

__ 

— 

— 

B 

Natural pam 

— 

— 

2 

17 

AE 

Natural pam 

— 

__ 

3 

H 

4 

5 


Notural pam 






9 

25 




23 

JS* 

— 

— 

1 

5 

19 

32 


Notural pam 





Natural pam 



1 

3 

R Wt 

1 



HH* 

17 

! _ 

1 

" - 




* Caromoraatous ulcer of body of stomach 


f Anastomotic ulcer verified at operation 

mmutes later The last two columns give the tunes «hef 
introducmg 4 g of a mixture of sodium 

carbonates suspended m 30 o c water mto the stomac stomach 

pam had been produced by acid, the alkab was mjec e | operation 
tube, and m the instances with natural pam, it was ^fo cases 

m all cases takmg not more than 15 sec Data are also m gtnkjn»»h 

of caremomatoul ulcer m which the latent 

long, and for one case of anastomotic ulcer in w ic excised 

ani tomosis between stomach and jejunum, and floored by liver, was 


two weeks later 
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When acid is injected into the empty stomach of a patient \iith a gastnc 
nicer, we may assume that acid comes mto contact with the ulcer not earlier 
than the be ginnin g and not later than the end of mjection The mterval 
which elapses between contact of acid with ulcer and onset of pam may 
therefore be, m the instances given, between 2 and 19 mins , and averages 
between 9 and 11 mmutes accordmg as to whether pam is timed from the 
beginnmg or end of mjection Ten mmutes may thus be taken as a repre- 
sentative latent period This period presumably represents the tune elapsmg 
from contact of the mjunous agent, acid, with the vulnerable area of the 
stomach wall, until the chemical excitant has accumulated around the pam 
nerve endmgs to an adequate or threshold level 

The time relations for the rehef of pam are less easy to analyse Thus 
aspiration of the stomach m many instances occupied a substantial part of 
the tune taken for the disappearance of pam, and there is no certamty that 
the stomach was completely emptied m all cases The exact tunes elapsmg 
between withdrawal of acid from contact with the vulnerable area and the 
lessenmg and end of pam are thus more difficult to estimate, but m one 
observation on P H , two on P C and one on J N the tunes to the end of 
pam must have been less than 4 mmutes The mtroduction of nIUnb uito the 
stomach was accomplished qmckly, but here agam the penod necessary for 
mixing of the stomach contents and for reaction of the largely insoluble 
carbonates with HCl are unknown , the degree of neutralisation is also 
unknown Nevertheless, pam was observed to lessen m f to 3 mmutes and 
to end 4 to 17 mmutes after the admmistration of alkah Averagmg the tunes 
for rehef of pam by alkah m the 5 observations on gastnc ulcer we obtam 
round figures of 2 mmutes for dechne and 8 mmutes for abohtion of pam 
Thus it appears that when the mjunous agent acid is withdrawn from the 
vulnerable area of the stomach wall, the concentration of the excitant 
substances around the pam nerve endmgs has dechned appreciably m about 
2 mmutes and has fallen below the thresWd of pam m about 8 mmutes 

To mterpret these tune relations m terms of the spatial relationship 
between the inner surface of the stomach wall and the pam nerve endmgs, 
we have sought guidance from the tune relations obtamed from ulcers of the 
skin, where the location of the nerve-endmgs is known 

The time rdationa of shin ulcer •pain 
In three normal male subjects the superficial layers of the skm of the 
forearm were shaved off through the papillae of the conum over an area 
about 1 cm square To test these ulcers, they were surrounded by a rampart 
of plasticme cemented to the mtact surroundmg skm and warm isotomo 
solutions of 0 85% NaCl, 0 16 N HCl and NaOH were mjected mto the cup 
so formed from a pipette The subject was unaware what solutions were 
bemg apphed and his only task was to announce any change m his sensations 
from the areas concerned The results are summarised m Table HE The 
first experiments were made on the day followmg the preparation of the 
ulcer, when spontaneous pam had subsided and the surface of the ulcer was 
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moist ivith serous exudate This exudate was absorbed on gauze before 
testmg The appbcation of isotomc sodium chloride to such ulcers was m 
all subjects painless 0 15 N ISCl produced pam m 15 seconds or less reacbmg 
a maximum m 1 mmute m all 5 experiments Neutralisation of acid by 
addition to the cup of an equal volume of 0 15 N NaOH led to declme of pam 
m 16 seconds or less and to its end m a bttle over 2 nunutes or less m all 
the observations These times are all much shorter than the correspondmg 
tunes for ulcer of the stomach, but the ulcers themselves are rather different 
m construction Thus the base of a peptic ulcer always or nearly always 
consists of an avascular layer of necrotic matenal Moreover the surface 
of the stomach is normally protected by a layer of mucus and it is possible 
that m certam instances this may extend over the ulcer 

The effect of covermg the ulcer with a thm layer of mucus is shown m the 
second observation of experiments 1 to 4 Mucus was obtamed &om the 
subjects own spit, and concentrated by evaporation m a watch glass at 37° 
until it was tenacious The ulcer was then covered with it, and after about 
10 nunutes to allow a firm adherence, the tests were made In each of the 
4 experiments the times taken for pam to develop with acid and to declme 
with neutralisation were lengthened, though the effects were shght 

After 3 or 4 days these skm ulcers were covered with a scab formed by 
the diymg and hardening of the serous exudate The effects of the scab on 
the responses of the skm ulcers are shown m the last 2 observations m each 
of the 5 experiments, recordmg the responses with the scab m place and after 
it had been pulled off to leave a raw surface exudmg serum With the scab 
m place, pam did not develop until between 2J and more than 6 nunutes, 
and contmued to mcrease until between 6f and nearly 10 nunutes after 
acid was first apphed Similarly when acid was neutralised pam did not 
begm to declme until between 43 seconds and 2 nunutes , and pam did not 
disappear until between 3 nunutes 20 seconds and 15 nunutes In these 
experiments with the scab, acid was left m contact with the ulcer much longer 
than it had been m the previous observations and m the control observation 
after the scab had been removed acid was left on for comparable times It 
will be seen that removal of the scab reduced conspicuously the mterval 
between appbcation of acid and the appearance and levelhng off of pam 
The times for declme of pam after neutralisation were also reduced 
conspicuously m four of the five experiments, and m the exceptional case 
(Experiment 2) the ulcer was exudmg serum very rapidly The tunes for 
disappearance of pam were also reduced, m 4 of the 5 experiments, but 
all these times were significantly longer than had been obtamed with the 
fresh ulcer to which acid had been apphed for a much shorter time 

In the observations where acid was apphed to the skm ulcer protected 
by scab, itchmg of the skm was commonly experienced either a httle before 
or durmg pam In one subject with a fair skm a defimte fiare developed 
around the ulcer These phenomena, which Lewis (11) has previously 
observed, mdicate that acid mjures the ceUs of the slon with consequent 
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liberation of a histamine like substance The possibihty is thus raised that 
it may not be the hydrogen ion itself but some substance released by cellular 
mjury which is the actual excitant to the pam nerve-endmgs This suggestion 
IS further supported by the very long persistence of pam after neutralisation 
* of acid m many of these experimente On the other hand the very short 
latent period, 2 seconds, m Experiment 4, and 4 seconds m Expenment 2, 
between the apphcation of acid and the appearance of pam with unprotected 
ulcers mdicates that the hydrogen ion itself may also stimulate pam neno 
endmgs On the evidence therefore it may be concluded that nhen acid is 
apphed to an ulcer of the skm pam nerve endmgs are stunulated m part by 
the excitant action of hydrogen ions, and possibly m part by the liberation 
of another excitant substance from mjured cells 

The conspicuous lengthenmg of the latent periods, produced in ulcer 
of the skm by the presence of a scab is not difficult to understand ibr 
whether or not the actual excitant of the pam nerves is the hydrogen ion, 
the ultimate cause of pam is the attainment of an adequate level of hydrogen 
ion concentration at some pomt m the hvmg tissue When acid is apphed 
to an unprotected ulcer this must happen quickly, and noutrahaation may ho 
assumed to arrest the accumulation of hydrogen ions m the surface layers 
equally quickly, though it may take longer for the deeper layers to regain 
then usual reaction A scab offers a hamer through which diffusion must 
occur before change on the surface of the ulcer can he reflected m a 
correspondmg change m the surface layers of hvmg tissue, and this delay 
will occur whether the change on the surface he from neutral to acid or from 
acid to neutral Further it may be surmised that smee ^sue® 
capable of removmg excoaa hydiogen lom. bt^ sappbed rtb bteed aad 
bu&red at a sUgbtly alkabne roaetion, the delay wdl be greater rrben the 
ohange on the enrfaoe re from neutral to acid ttan when it » 
neutml Theee expeetatione are fulfilled by the ebangea obaerved m the 

“ :2^reCna of pam are oonoemed - -pmj^d dmr e, 
the afan thna behavea quite differently from idoer of the 
reaetiou at the aurfaee re ehauged from neutral to aerd ” 

On the other hand the time relatlonB for atomaeh 
to thoae for an ulcer of the akm pioteoted by aeab Thm eo^e^^^^ 
the latent period between application of acid and onae ? ’ „ 

are aa follow The Inmte for Ifi otaervafrom ^ ‘X^tlona 

2 and 19 mmutes, and the average 10 mmutes ^ q j^uiutcs 

on ulcer of the skm covered by scab were 2 , again the latent 

3 seconds and the average 4 mmutes 8 seconds pam, the data 

period between the neutralisation of acid an seconds 

Iro aa foUowa The limita m 5 otoerrateona „„ 

and 3 mmutes, and the average 2 mmutes ntmutes and the average 

akin nicer covered by aeab were 43 aeconda an neutraUaation and 

1 mmute 21 aeconda Finally the mterval between neuttam 
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abolition of pain was as follows The limit s for 5 observations on gastric 
ulcer were 4 minutes and 17 nunutes and the average 8 minutes The limits 
for 5 observations on skm ulcer covered by scab were 3 nunutes 20 seconds 
and 15 nunutes and the average 6 nunutes 41 seconds While it is clear that 
on the average the times are shorter for skm ulcer covered by scab than for 
gastric ulcer, they are of the same order m the two instances and overlap 
to a considerable extent 

The thickness of the scab covenng the skm ulcer was measured m 
Experiment 1 of Table III and found to 0 20 mm We could not exanune 
lustologioally the gastric ulcer at the time of observation But m three other 
gastric ulcers exanuned after surgical resection and subsequent fixation 
and nucroBcopio section and stainmg, the thickness of the layer of necrotic 
material fo rmin g the floor of the ulcer was found to average respectively 
0 24, 0 36 and 0 49 mm 

We have now compared the time relations of pam produced by the same 
stimulus, acid, m two kmds of ulcer m skm where the location of the pam 
nerves is known, and m the stomach where it is unknown In the skm the 
pam nerves are almost certainly excited chemically In the stomach all 
the evidence is m favour of a similar hypothesis It is clear that the tune 
relations of peptic ulcer pam are out of hne with the idea that the pam nerve 
endmgs he exposed on the surface of the ulcer , they are much too long 
The time relations are however entirely consistent with the hypothesis that 
the pam nerves are situated m the floor or sides of the ulcer and separated 
from the cavity of the stomach by a layer of, from this pomt of view, 
functionally mert matenal In extendmg ulcers, the slough covenng the 
ulcer base would do for this layer, smee it is of the expected order of thick- 
ness On this hypothesis the pam fibres might arise from many structures 
such as omentum, hver, pancreas and postenor abdommal wall which m large 
chrome ulcers may contnbute to the ulcer crater But m acute ulcers (for 
example R C F , Table H), the imphcation is of nerve endmgs lymg m the 
wall of the stomach itself 

In answermg the question as to whether the time relations observed for 
pam m gastnc ulcer are also consistent with Lennander’s hypothesis, the 
chief difficulty is the lack of a yardstick, for we know of no comparable 
mstance where pam is due solely to stimulation of pam nerves lymg at a 
distance from the site of mjury through lymphatic spread of excitant 
substances We are thus limited to a theoretical discussion Lennander 
supposed that the actual excitant to the pam endmgs might be acid In 
view of the bnffenng power of the tissues, of blood and of lymph we find it 
mconceivable that excess hydrogen ions absorbed at the site of the ulcer can 
travel m the lymphatics through the mesentery, there mixin g with other 
lymph, and diffuse out to the neighbourhood of the nerve endmgs of the 
postenor abdommal wall m quantities sufficient to have an excitant action 
The only conceivable mechanism would be the release of a more stable 
substance from the site of mjury by acid, namely the ulcer crater, and its 
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subsequent lymphatic transport In terms of this hypothesis the latent 
period between the apphcation of acid and the onset of pam would represent 
the tune taken for release of an adequate amount of the excitant at the site 
of mjury m the stomach wall and its entry mto, carnage by, and diffusion 
out of, the lymphatics The work of Dnnker and lield (6) has shoim that 
lymphatic transport may be extremely quick , die mjected subcutaneously 
in the foot of a dog may appear m the thoracic duct m 10 seconds. Ten 
mmutes, the average latent period for the development of pam would scorn 
therefore to allow ample time for these several processes mheront in 
Lennander’s hypothesis It is not so however with the rehef of pam by 
alkah For as we have seen pam may lessen m under a nunute and disappear 
m 4 mmutes In many known instances where substances are released from 
cells by m]ury, this release contmues for some time after the mjurious agent 
IS withdrawn We cannot beheve that the concentration of the excitant 
which IS, ex hypothesi, relatively stable and which is formed at the site of 
mjury and transported by the lymphatics for many centimetres can fall 
arotmd the pam nerve endmgs of the posterior abdommal waU m as short a 
tune as 1 mmute after the withdrawal of acid from contact with the stomach 
wall 

We have experienced a further difficulty m acceptmg Lennander’s 
hypothesis Gray (6) has shown that the lymphatics of the stomach consist 
of an extremely 6ne plexus of freely anastomosmg channels. Lymph 
that finds its way via a smgle channel to the posterior abdommal wall and 
thence to the thoracic duct, comes not from one area of the stomach but from 
many By the tune the posterior abdommal wall is reached lymph coming 
from the ulcerated areas must be much diluted with lymph from more normal 
regions and the concentration of pam excitants correspondmgly reduced 


Unusual reference of pam 

Three of our cases complamed of pam localised to the ihac fossa, on the 
left m 2, on the right m 1, mth some radiation to the back at the sam® « 
two of them were ansemic consequent on gastromtestmal hsmorr ag 
presented some mitial difficulty m diagnosis In each case the pam v as 
reheved by vomitmg and alltah and, m the only two where 
"ad^ was 4roduced by acid These three cases aU bad 

penetratmg ulcem on the 

stomach, measurmg on the X-ray film 3}, 3i and /tom 
3 and 1 om m de|a Two healed slowly on to 

completely refractory and at operation was ehown to hare 

pancreas which formed its floor , 

A fourth case after partial sCe Tma vhich 

anterior axillary Ime with cutaneous tendeme , , , ^ ^ybyjnorphme 
covered the 7th and 8th ribs This pam was not 

butwasabohahedbyhotmilk A tnmonr later presented m the leltnyp 
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dnum under the tender area and at operation an anastomotic ulcer 
adherent to the antenor ahdommal uall, -was cscised 

The unusual reference m these cases of pam, liaAmg otherwise the 
properties common to that of ulcer, clearly mdicatcs that pam arose from an 
unusual site If m the usual case of gastric ulcer pam arises from the 
stomach or its mesenteric attachments, in these cases a different source 
must be foimd, and the operation and X-ray hndmgs suggest the pancreas 
m the first three and the anterior ahdommal uaU m the fourth , for it was 
these tissues which were exposed m the fioor of the ulcer to the varymg 
acidity of the gastric content Of the two cases m which pam was 
reproduced by acid one (F C ) with pam m the left ihac fossa is mcluded m 
Table IV In the other (F H ) pam m the nght ihao fossa began 20 mmutes 

after mtroducmg ^ acid mto the stomach and began to ease 1 mmute after 
mjectmg 4 g of NaHCOj m 40 c c water mto the stomach These times are 
similar to those encoimtered m other cases with small ulcers supportmg the 
conclusion that the ulcer crater is the site of the pam nerve endmgs 

Discussion 

The chief facts relevant to the location of the nerve endmgs concerned 
with pam m gastnc ulcer lead to confiictmg conclusions On the one hand 
direct tests at surgical operation suggest that the stomach is insensitive and 
that the nearest pam sensitive tissue is the postenor abdommal wall , the 
inference here is Lermander’s hypothesis of lymphatic spread of pam 
excitants from the ulcer to the postenor abdommal wall On the other hand a 
detailed study of the time relations of the pam is not easily reconciled with 
Lennander’s hypothesis but reveals close conformity with the behaviour of 
an ulcer m which pam nerve endmgs are known to he but a small distance 
beneath the surface , the inference here is that the pam nerve endmgs he 
m the ulcer crater, and thus m acute ulcers at least, m the stomach wall 

It IS of some importance that a similar conflict of evidence exists 
regardmg pam from the only other viscus studied m comparable detail, the 
heart The very few records of operation on the conscious subject agree 
(1) that the heart can be pmched and pricked without the subject feeling 
pam , a hypothesis was at one time widely supported that angmal pam arose 
not from the heart but from the aorta On the other hand a detailed study 
of the behaviour of angmal pam m the mtact subject leaves httle doubt 
that its source hes m the heart muscle itself (13, 27) 

In seeking to resolve this dilemma it should be pomted out that the 
contradictory conclusions concemmg the source of pam m gastnc ulcer have 
been drawn from observations made under entirely different circumstances 
In the one the subject has been subjected to the procedures' inherent m 
openmg the abdomen before the observations were made , m the other no such 
disturbances have occurred We are thus led to enquire as to the possible 
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fallacies m the conclusion drawn from surgical operation namely that the 
stomach wall is deyoid of pain nerves The chief possibihtics are as follows 

1 The mental state of the subject who has had his belly opened is 
scarcely normal No one who has made experimental observations on pain 
m human subjects can fail to be aware of how the sensation of pam may bo 
lessened or abolished by strong sensory stimuh from elsewhere which compote 
for the subject’s attention In the case of ulcer we have repeatedly obson ed 
that the mere swallowmg of a Byle’s tube may lead to a transitory disappear- 
ance of pam which returns after a few mmutes 


2 In many instances the subject has received morphme or a ponod of 
general anaesthesia before the observations have been made 

While it would be wrong to suppose that these two possibihties should 
be dismissed entirely it is doubtful whether they can alone cxpiam the 
absence of pam when the stomach is disturbed, for m many of these subjects 
pam has been elicited from traction on the stomach and mtorforence with 
the anterior abdommal wall 


3 Anaesthetisation of the body wall may mterfere with the capacity 
to ehcit pam firom an underlymg viscus It has been shown here that most 
of the tenderness associated with peptic ulcer is located m the anterior 
abdommal wall and most probably m the rectus abdominis muscle It is 
not impossible that pam may ‘arise from sustamed contraction of muscle 
fibres excited reflexly from the gastnc or duodenal ulcer Although m 
several mstances ulcer pam was observed to disappear durmg amesthetisotion 
of the belly wall, we deliberately refram from drawmg any conclusion because 
we have not yet made observations specifically designed and properly con- 
trolled to test this hypothesis 


i Hurst suggested that the pam nerves m the stomach wo^d respond 
only to a certain specific stimulus which he supposed to be ^ 

As Lewis and Kellgren (16) have pomted out this suggestion cann 

the epe^h^d 

section Any pnm nerves m its toU most be stimdoted when to etemsen 
is cut through 

5 The stunnh npphed to the exposed stem.* at 
may not be adeqnate m dnratiom for system before pam 

temporal summation must occur m the J ^ the stomach 

IS expenenced as a result of impulses arising ^ of evidence For 

Such a hypothesis would explam the to momentary 

cuttmg, pmchmg or pne^g the continued presence 

discharge from the nerve fibres concerned, wMe ® ^ discharge 

of a chemical irritant such as acid would lead to ® 
of nervous impulses There is however as yet no direct 
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6 In both the heart and the stomach, pam nerves may be relatively 
few and confined to certam parts It is known for example that acute peptic 
ulcers may be painless until they perforate mto the peritoneal cavity , 
likewise myocar^al infarction may occur without pam , examples of both 
have occurred m our own experience Most stomach ulcers are on the 
posterior wall and on the lesser curvature of the stomach, and it may be that 
these are the areas of stomach which contam most pam nerves, and that the 
parts nearer the greater curvature and on the anterior wall which have been 
most mtensively explored at operation contam least It would not be 
difficult to assemble information bearmg on this pomt, but to our knowledge 
this has not yet been done 

This brief review mdicates that there are a number of possible fallacies 
as yet imperfectly explored m the conclusion from operation findings alone 
that the stomach is devoid of pam nerves We conclude therefore that there 
are not sufficient grounds for rejectmg the hypothesis developed m this 
paper 

The hypothesis that ulcer pam arises from chemical stimulation of nerve 
endings lymg m the crater but separated from the contents of the gut by a 
functionally mert layer is m accord with certam other facts hitherto 
unexplamed Thus we have pomted out that sensitivity to pam produced 
by mjection of acid mto the stomach may be lost when an ulcer crater is still 
demonstrable Now it would accord with all that is known of repair else- 
where if nerve fibres did not at once grow mto the granulation tissue which 
steadily fills up the crater A stage will come therefore when a crater is still 
present but when the nerve free layer is thick enough to protect the 
underlymg endings &om changes m hydrogen ion concentration previously 
adequate to excite Agam it has been observed repeatedly that ulcer pam 
may be abolished foUowmg a hsematemcsis As Schmdler (26) has shown by 
gastroscopy, the ulcer crater foUowmg haemorrhage may be filled by blood 
In terms of the present hypothesis this blood would agam mcrease the 
thickness of the protective layer over the pam nerve endmgs and thus 
prevent their excitation by changes m acidity m the cavity of the stomach 

StranuABT 

1 The observation made by Lennander and others has been confirmed 
m one case namely that after the anaesthetised belly wall has been mcised 
no pam is experienced when the stomach is cut or pmched The possible 
fallacies m concludu^ from such an observation that pam cannot be ehcited 
&om the stomach are discussed 

2 When the anterior abdommal wall is anaesthetised by mjectmg 
novocame around the appropriate mtercostal nerves, tenderness is, m most 
patients with peptic ulcer, completely abolished It is concluded that most 
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if not aU of the tenderness associated with peptic nicer w located in the 
anterior abdoininal wall and most probably in the rectus abdominis muscle 

3 When acid is injected into the stomach of a patient until a gastric 

ulcer, pam begins after a latent penod of about 10 mmutes When acid 
m neutralised by alkah, pam lessens after about 2 mmutes and disappears 
after about 8 mmutes ’ ^ 

4 The time relations for the onset of pam when acid is apphed to a 
&esh skm ulcer, and for its rehef when the acid is neutrahsed are very much 
shorter The tunes are sbghtly prolonged by covenng the ulcer uith a 
thm film of mucus When however the skm ulcer is protected by a scab, 
the tune relations of the production of pam by acid and its rehef by alkah 
are greatly prolonged, and are then of the same order as observed m ulcer 
of the stomach 

5 The time relations of pam m peptic ulcer are compatible uith tlie 
chemical stimulation of pam nerve endmgs situated m the ulcer crater and 
separated from the cavity of the stomach by a layer of, from this pomt of 
view, functionally mert matenal 

6 Because ulcer pam is relatively qmckly reheved by alkah and for 
other reasons we reject Lennander’s hypothesis that pam arises by stunulation 
of nerve endmgs m the posterior abdommal wall by excitants earned from the 
ulcer area through the lymphatics 
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THE USE OE A PORTAL ANASTOMOTIC VEIN EOR ABSORPTION 

STUDIES IN MAN 


By SHEILA SHERLOCK (Beife Memonal Research Follow) and 
VERYAN WALSHE* 

{Department of Medicine, Britiah Postgraduate Medical School, London ) 


A PATTEiNT suffering from hepatic cirrhosis was seen m whom a large anterior 
abdommal wall vem was beheved to communicate with the portal venous 
system Observations were made on the contents of this vem durmg 
mtestmal absorption Although the studies were brought to a premature 
conclusion by thrombosis of the vem, the results are reported m the hope 
that they may stimulate mterest m the possible research value of such 
veins m similar patients 


CASE REPORT 

F3L, on old age pensioner aged 71 was adnutted to ho^ital on 8 II 46 

History For several years there had been recnrrent epistaxes , now occurring nearly every 
week and initiated by blowing the nose Appetite was fair and most foods were well tolerated 
The bowels were constipated and the motions occasionally streaked with blood The early 
mormng unne was sometimes rather dark in colour There was morning cough with white sputum 
The patient thought he was losing weight, the exact amount being uncertam Past health had 
been good and he had never suffered from jaundice He drank 1 pmt of beer daily, and hved 
alone in a single room his diet being mainly pies and breakfast sausage Ho did not eat his 
meat, bacon or butter rations and rarely took vegetables 

Examinalion showed a thm old man * Spider” angiomata suggestive of liier disease 
were seen on the cheeks Dilated vessels on the nasal septum were a possible source of the 
epistaxis The chest showed a few dry rhonchi but no moist sounds The abdomen was not 
distended and shiftmg dullness could not be ehcited A large dilated tortuous superficial 
abdommal vem m the right lower quadrant (Fig 1) was non pulsatile and there was no murmur 
over it On emptymg it rapidly filled from above downwards Superiorly the vein emerged 
about 3 cm above tho umbihcns, apparently through a paraumbihcal herma Infenorly it 
jomed the great saphenous vem just below the inguinal hgoment The hver edge was firm and 
easily paljiable 4 cm below the right costal morgm m the mpple hne The ^leen could not be 
felt l^ere was no peripheral cedema Rectal examination showed mtemal hiemorrhoids 
Vnne S O 1016, contained no albumm or bile pigments Urobilmogen was present m an 
early morning specimen 


* Workmg for the Medical Research Council 

We are indebted to Dr Duncan White and tho staff of tho Radiology Department for their 
CO operation , to Professor E J King, m whose department many of the biochemical estimations 
were made to Mr E V Willmott for tho photography and especially to Major Kendal Dixon 
and Lt Col W R M Drew for assistance with the fat tolerance tests 
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Invatigahoru Serum bilirubm 0 0 mg per 100 c c senmi nil ni.nn i » 

per 100 c c , serum cholesterol 266 mg per 100 o c , se^ proteins C 
3 6 g albumm, 2 7 g globulin, and A/G ratio 1 3 Serum coUoidaJ^old reLtwn ffl necahfJ' 
Oral himpurie acid synthesis test (20), 2 5 g (os sodium bonzoatol ovpmtwl i 
»»,. fe, 10 2 g 100 0 0 (05%'HodoS oo™!)” B^S. to'^o ™ C fm 


Aeptraium Itver biopsy (21) 
from some fatty change at the 
glycogen and appear healthy 


sections show o hepatic cirrhosis Sumnng li\ or colls, apart 
periphery of the nodules, contain their usual complement of 


M this anastomotic vein probably communicated witli the portal venous system it was 
considered that its blood might bo draimng the alimentary tract The abdominal % cm was thin 
wall^ and tortuous which made sampling difficult Tins difficulty and tho consoduont discomfort 
to the patient limited the frequency of samplmg Arm \emB also aero small and difficult to 
needle 


Prdummry tneiaboltc constderahons 

Weight of patient 60 kg Height 148 cm 

During the penod of study the patient consumed a weighed diet of 
2,176 calones daily , 369 g carbohydrate, 133 g protem and 23 g fat 
30 g brewer’s yeast daily was mcluded 

Over two three-day penods on this regime the daily output of unnary 
nitrogen averaged 9 3 g , the faecal nitrogen 1 6 g , and the ftccal fat 7 2 g 
The patient thus showed a positive nitrogen balance, and on this diet the 
faecal fat was withm normal limits Durmg his stay m hospital he gamed 
8 kg m weight All the observations were made m the mommg, the last 
meal being at 8 p m the previous night 


Carbohydrate tolerence tests 

Galactose 40 g galactose in 60 per cent solution was given oralJy 
, and one hour later samples were taken from the abdommal wall vem and a 
nght antecubital vein 

The galactose content of the abdommal vem was 20 mg per 100 c c , 
and that of the arm vem 7 mg , per 100 c c 

Lcemdose and Glucose To facihtate more frequent samplmg drip 
infusions of hepannized normal sahne were set up m both the abdommal 
and an antecubital vem Fastmg venous samples were removed from both 
sites, and then 60 g Imvulose and 60 g glucose were given by mouth Turthcr 
venous samples were taken 30, 60 and 90 minutes later 

From Table I it is seen that — 

1 In the fastmg state the glucose concentrations in the two vems is 
the same No Isevulose can be detected m either In later experiments a 
fasting sample was not taken from the abdommal vem its composition was 
assumed to be identical with that of the systemic 
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2 During the 90 minutes after the sugar -was given, the glucose and 
Itevulose content of the abdonunal rem is conspicuously greater than that of 
the antecuhital vem 

3 The highest value for glucose m the abdommal vein occurred at 
30 minutes, that for Itevulose at 60 mmutes 

4 Durmg the absorption period, m neither vem was there any 
significant change m the serum potassium or serum ester phosphate 
concentrations 


TABLE I 

Biochemical changes in the abdominal loall vein and the antecubital vein after oral glucose 

and lamtlose 


Time 

after 

sugar 

mmntea 

Concentrations in abdominal wall vein 

Concentmtions in antecubital \cm 

Olncose 

“g/ 

100 c c 

Lievnlose 

mg/ 

100 c c 

Ester 

Phosphate 

(asP) 

“g/ 

100 c c 

Potos 

Siam 

mg/ 

100 c c 

Glucose 

mg/ 

100 c c 

Licvulose 

mg/ 

100 c c 

Ester 

Phosphate 

(asP) 

mg/ 

100 c c 

Potas 

Siam 

mg/ 

100 c c 

0 

112 

0 

06 

21 

112 


06 

19 

30 

230 

25 

05 

20 , 

182 1 8 4 

05 

— 

60 

123 

84 

07 

22 

84 1 24 6 

06 

20 

90 

159 

24 

07 

21 

132 

66 

02 

21 


Fat tolerance tests 

These were done by the method of Dixon, Drew and Samuel (8) The 
meal consisted of 75 g daiiy butter prepared with a banum sulphate 
suspension After a fastmg blood sample had been taken from an ante- 
cubital vem, a duodenal tube with mercury tip was passed mto the second 
part of the duodenum and its position confirmed by X-ray screenmg The 
meal was given down the tube and seen to pass through the duodenum and 
enter the upper coils of jejunum Venous samples were taken &om the 
abdonunal and antecubital vems two and three hours after the meal 
From Table n it is seen that no significant change m serum opalascence, 
hpid phosphorus, cholesterol, total fatty acid, non-phosphohpid fatty acid 
or neutral fat concentrations could be demonstrated Results for a typical 
normal control subject are also shown 

This result was most unexpected and the observation was therefore 
repeated This time 50 g glucose was mduded m the meal, and its rate of 
progress was followed radiologically at intervals for 2 hours Although the 
rate of transit of the meal through the mtestmes was normal, and although 
a glucose concentration mcrease was shown m both veins, that m the 
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TABLE H 


Biochemical changes tn ihe abdominal wall and antecubital veins after a fatty meal mih 

and without added lipase 



Abdonunnl 

wall ve 

in 

! 


Ai 

itecubil 

/al\om 


i 

ig 

.3s 

Cholesterol 
mg/lOO c 0 

3 *21 

o o o 

L 

So* 

laS 

8 8o 

Neutral fat 
mg/100 c 0 

Serum 

opalescence 

Lipid phosphours 
mg/100 0 0 

o o 
^ o : 
■1® * 
82 * 

6t 

i 

t? 

ago 

3 'So 

a 

Jl o 

i 

g-'di 

Pa 

g^H 

A 

P 

II 

0 

o 

e 

ft) 

cl n 

5 o 

S s^ 

C 0 

iS & 
to 0 

Fatty me 


■ 

1 

■ 

■ 

■ 







0 

m 

^9 


H 


^B 

77 

226 




B 

120 

79 

190 


76 

230 


77 

171 

118 



B 

180 

82 

212 


■B 

230 




121 

79 

19 

0 

Fatty me 

cil 2i 

pase 

■ 

1 

■ 

n 







0 

— 

— 

B 

— 

B 


48 



86 


0 

60 

64 

102 

12 6 

81 

240 

0 


104 

12 2 

78 


0 

120 

63 

96 

13 3 

89 

270 

4- 


96 

12 2 


230 

m 

Normal 

control 

svhjet 

t 







■ 



0 

— 


_ 

— 

— 

— 

86 

209 

86 



0 

120 



— 

— 

— 

— 

m 

224 


62 


+ 

180 

— 

— 

— 

— 

— 

— 

1 

211 



1 310 

-H- 


TABLE m 


Biochemical changes in the abdominal wall and anteeuhttal veins after a protein and 

il 

ConcentratioM in anteenbitat \oni 



Concentrations in abdominal wall vem 

Mmutes 

after 

meal 

Glucose 
mg/100 cc 

Non protein 
Nitrogen 
mg/100 0 c 

ITrea 
Nitrogen 
mg/100 c 0 
— 

0 




120 

119 

66 

15 1 


Qlucose 
mg/lOO o c 


Non protein 
Nitrogen 
nig/100 0 0 


31 

46 


■Urea 
Nitrogen 
jng/lOO c c 


14 

15 
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abdominal vem bemg greater than that m the antecnbital, there was still 
no change m the fatty substances It was decided to repeat the experiment 
a third time and to give a hpase preparation with the butter fat 

The lipase was made from fresh pig’s pancreas (6) and its potency tested 
100 c c of this extract was mixed with the fat meal and given under X-ray 
control mto the second part of the duodenum Venous samples were taken 
&om an arm vem before the meal and from both arm and abdommal veins 
1 and 2 hours afterwards 

!EVom Table II it is seen that m the abdommal vem 2 hours after the 
fatty meal there is a sbght serum opalescence and an mcrease m total fatty 
acid, non-phosphohpid fatty acid and neutral fat concentrations The 
concentrations of phosphohpid and cholesterol show no change Durmg the 
2-hour period there has been no detectable systemic hpsemia 

Protein tolerance test 

m 

A fastmg sample was withdrawn from an antecubital vem and the 
patient then ate a meal consistmg of meat, cabbage, potatoes, bread and 
concentrated skimmed milk It was equivalent to 86 g carbohydrate, 
62 g protem and 6 g fat Two hours later samples were withdrawn from 
the abdommal vem and from the antecubital vem 

From Table HI it is seen that (1) 2 hours after the meal there is a 
significant difference between the glucose concentrations of the two vems , 
(2) the urea mtrogen concentration has remamed relatively constant m both 
vems , (3) 2 hours after the meal the non-protem mtrogen concentration has 
mcreased m both vems, but more conspicuously m the abdommal vem 

Venograms of the abdominal vein 

Slood flow m the vem was stopped by digital pressure A needle was 
mtroduced above and close to the 'pomt of occlusion and 20 c c of a radio- 
opaque solution (I^elosil) mjected The mjection was therefore retrograde 
X-rays of the right upper quadrant of the abdomen were taken (Fig 2) 
The vem starts as a very small tributary passmg down over the costal margm 
(D) It IS jomed (C) by a larger vem which comes from above and to the 
right C represents the pomt where this deep vem penetrates to the 
subcutaneous tissue As the vem proceeds downwards towards the mgumal 
ligament it becomes very tortuous (A) The surface markmg of the umbihcus 
IS also shown (B) It was hoped to take another venogram usmg a larger 
volume of pyelosil, but unfortunately the first mjection was followed by 
complete thrombosis of the vem, although pyelosil is usually considered 
non-imtant to vascular endothelium 

A superficial portion of vem 10 cm long contamed about 12 o c^ of 
“ pyelosil ” This portion when emptied of blood filled agam m 2 seconds 
The blood flow through the abdommal vem was therefore beheved to be 
between 300 and 400 o c per nunute 
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Discmston 


The biochemical results and the venogram make it almost certam that 
the anterior abdominal wall vem communicated uuth the portal venous system 
In hepatic cirrhosis the mtrahepatic obstruction to the portal cnculation 
leads to the openmg up of collateral channels A group forms at the site of 
the obliterated embryological veins within the falciform ligament (17) These 
paraumbihcal vems connect the left branch of the portal vem with the 
superficial veins around the umbdicus In the presence of portal obstruction 
reasonable mixtme of the blood m the nght and left branches of the portal 
vein probably occurs It is suggested that, m the present patient, some of 
the blood from the left branch of the portal vem entered a paraumbilical 
vem and passed m the falciform hgament to emerge through a small 
paiaumbihcal herma and ]om tho superficial epigastnc vem This vem 
mfenorly joms the great saphenous vem and supenorly communicates wth 
the lateral thoracic'vems, tributanes of the axillary vem (3) It is this latter 
communication which is seen m the venogram (D) Total blood flow 
through the liver in man is estimated at 1,086 to 1,846 c c per mmuto (2) , » 
of this one-quarter to one-eighth is from the hepatic artery The collateral 
abdommal vem was estimated to cairy 360 c c per mmuto It can bo 
assumed, therefore, that the anastomotic channel was carrying a half to a 
quarter of the portal venous blood directly mto the nght great saphenous 
vem This short-cuouitmg of portal blood and the mixmg of tho two 
streams m uncertam proportions prevented studies of hepatic function being 
mcluded Observations were confined to study of the contents of tho portal 
collateral vem durmg absorption from the mtestme v Although m 1877 the 
portal vem was first punctured m animals for this purpose (19) biochomical 
analysis of portal vem blood does not hitherto seem to have been attempted 


In the rat and cat, glucose absorption proceeds more rapidly than that 
of Imvulose (6, 13) , similar conclusions have been mdirectly reached m 
man (16) The present observations support this suggestion, the mg cs 
concentration of glucose m the abdommal vem precedmg that for 
mdicatmg a different rate for the absorption of glucose and ^ 

mterval of 30 mmutes between samples prevents more 
of the actual time of maximum sugar concentration The ^ 

abdommal collateral with the systemic TheC^SJt 

to calculate the quantities of each sugar absorbed m umt time T p 

techmque thei-efore suffers from the same 

blood sugar tolerance test, as concentrations rather than , 5 ^ 

are under consideration It is believed that 
phosphoiylation mechanism (23) but that the hexose p p 
mtesLal mucosa is immediately mto hexose a^^^^ 

sugar passes as such mto the blood stream The “®\^Wtion 

concentration m the portal coUateral vem to mcrease durmg the absoip 
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of glucose IS in keeping •mtli the hypothesis The absorption of the sugar, 
moreover, occurred without any sigmficant change m the serum potassium 
concentrations of either vem 

The partition thcorj of fat absorption (9, 10, 12) has not been umversally 
accepted (4, 14, 24, 25) It was hoped that observations on the present case 
might have shown definitely -nhether fat, spht or unsplit, was absorbed mto 
the portal venous system However, on two occasions fat tolerance tests 
usmg tnglycende fat showed neither sj^stemic nor an antenor abdommal 
vem hpsemia The fat was mtroduced directly mto the duodenum, the 
passage of the meal was not burned and the patient did not have mcreased 
faecal fat concentrations No explanation can be offered for tbe failure to 
demonstrate a venous hpaemia It has been shown that if neutral fat is given 
with hpase a portal rather than a systemic hpaemia results (11) In our 
patient when neutral fat was given with hpase and was presumably 
hydrolyzed, only then was there some absorption mto the portal collateral 
vem However, the mcrease was not sufficiently conspicuous to be entirely 
conclusive It might have been more stnkmg if the observations had been 
contmued for three rather than two hours after the fatty meal 

An mcrease m the mtrogen content of the portal vem durmg protem 
digestion has been shown m animals (7, 15, 22) In the present case, although 
it would have been more satisfactory to have estimated ammo acid nitrogen 
rather than non-protem mtrogen, the mcreased non-protem nitrogen m the 
abdommal collateral after a protem meal seemed to confirm these findmgs, 
especially as the urea nitrogen concentration remamed relatively constant 

Many other studies will sprmg to mmd which would have been attempted 
if untimely complete thrombosis of the abdommal vem had not occurred 
After this mishap fresh veins developed over the nght flank, but these new 
collaterals were multiple, small and not susceptible to pimcture It would 
also have been more satisfactory if the comphcation of portal cirrhosis had 
not been present and if more frequent venous samphng had been possible 
The present observations are reported m the hope that others may perhaps 
be more fortunate when a similar chnical opportimity presents A portal 
commumcation can readily be distmguished from a systemic anastomosis 
by simultaneous puncture of the vem and an arm vem one hour after a glucose 
drink The samples are analysed for glucose Three other patients with 
dilated abdommal vems have been studied by this means In each mstance 
the sugar content of the arm and abdommal vem was identical In these 
cases, therefore, the abdommal vem commumcated only with the greater 
venous circulation 


SuMMAEY 

1 A patient vith hepatic cirrhosis was studied, m whom an enlarged 
abdommal wall vem communicated with the portal venous system 
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2 After oral gakotose a higher concentration of galactose was observed 
in a sample of blood from the anterior abdommal waU vom than m a eimul 
taneous sample from an antecnbitai vem Similar results were obtained 
for Irevulose and glucose The highest concentration of glucose m the 
abdommal waU vem appeared before that for Irovuloao The absorption 
of these sugars mto the abdommal vem was not associated inth significant 
changes m the concentrations of serum ester phosphate or serum potassium 


3 On two occasions after a neutral fat meal had been mtroduced into 
the duodenum no mcreased fat could be shown m the abdommal or m tho 
antecubital vem When neutral fat was given with lipase there was a 
suggestive mcrease m the fat content of the portal collateral vem, but tho 
I'esults were not conclusive 


^ 4 After a protem meal a conspicuous difference existed between tho 

non-protem mtrogen contents of the abdommal vom and that of the 
systemic vem Plasma urea nitrogen remamed constant 

6 A simple biochemical method of confirmmg the clmical diagnosis 
of a portal anastomotic vem is suggested 


APPEjrors: 


The following methods were used — 

Serum urea, serum non protem mtrogen King, Hoslewood and Delory, Lancet, i, 886 

Serum proteins, serum potassium King, Hoslewood, Dolory and Beall, Lancet, 1912, i, 207 

Serum total " acid soluble ” phosphate and serum inorgamc phosphate King, Biochem J , 
1032, 26, 292 

Tho ester phosphate is obtained by subtraotion of the inorgamo phosphate from the lotnl 
acid soluble phosphate 

Serum bilirubin Hoslewood end King, Biochem J , ^937, 31, 920 

Serum alkalme phosphatase Kin g and Armstrong, Canad Med Assoc J , 1034, 31, 376 

Serum oholesterol Sackett, J Biol Chem , 1925, 64, 203 

Blood sugar Hoslewood and Strookman, Biochem J , 1930, 83, 920 

Blood lasvulose Herbert, Biodhem J , 193S, 3%, 315 

Total serum fatty acid and opalescence of serum Dixon, Drew and Samuel, 1946, m press 
Lipoid phosphorus Man and Gildea, J Biol Chem , 1936, 117, 183 

Non phosphohpid fatty acid was calculated by the method of Man and Gildoa J Biol Chem , 
1932, 98, 43 

Neutral fat was evaluated as glyceryl tnoloate corresponding to the non phospholipoid 
fatty acid 

TJrmo galactose Kmg and Aitken, Lancet, 1940, ii, 643 

IJnne bippunc acid Weiohselbaum and Probstein, J Lab and dm Mod , 1931* 84, 6 
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THE CIRCULATORY ACTION OF THEOPHYLLINE ETHYLENE 

DIAjMINE 


By SHEILA HOWARTH, J MomCHAEL and 
E P SHARPEY-SCHAFER 

{From the Department of Medicine, British Postgraduate Medical School, 

London ) 


Thebe is still considerable controversy on the natnre of the action of 
theophylline and other xanthine derivatives on the heart daims are 
made that these substances act as coronary vasodilators (4, 6) and as 
cardiac stimnlants (13, 14) The commonly used theophyllme ethylene 
diamme preparation has a well-defined efiect m the abohtion of Cheyne- 
Stokes breathmg which has been the subject of much previous study It 
has been shown that this respiratory action of the drug is the result of a 
stimulatmg action of the ethylene ^amme component on the respiratory 
centre, but the part played by theophyllme remams uncertam (11) La 
many cases of heart failure, theophyllme ethylene diamme has a pronounced 
efiect on right auricular pressure and cardiac output The results obtamed 
m normal subjects as well as m various forms of heart failure are presented 
m this paper 

Methods 

The methods used were those described m previous papers (9, 10), 
right auricular pressure and cardiac output bemg measured by cardiac 
catheterisation Arterial and venous samples were analysed for their 
oxygen unsaturation m a Haldane blood gas apparatus, while the oxygen 
consumption was determmed by spirometry, after which cardiac output 
was found by the apphcation of the Fick prmciple 

Theophyllme ethylene diamme was given mtravenously m doses of 
0 48 g Eqmvalent quantities of theophyllme were given as mtravenous 
doSes of 0 6 g theophyllme sodium acetate dissolved m 10 c c water 
Ethylene diamme, when given separately, was administered m a dose of 
0 1 g m 10 c c water 

*Tbe expenses of this research irere met by the Medical Research Council from whom one of 
us (S ) IS m receipt of a personal grant Messrs Whiffen and Sons kmdly supphed the ampoules 
of theophyllme sodium acetate and of ethylene diamme We are also deeply mdebted to Mr 
A H Latham and the techmcal staff of the Pepartments of Medicme and of Radiology for 
their \alued co operation 
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Aonoir of ethyleite diamdte 

Ethylene diamine was given alone to one normal subject, two patients 
with hypertensive heart failure, one with aortic stenosis, and a 
result IS illustrated m Fig 5 from a patient with mitral stenosis and 
aortic mcompetence The drug may produce a transient fall m venous 
pressure which passes off withm ten mmutes The other cases showed 
similar results There were no significant changes m heart rate or arterial 
pressure Such shght changes m cardiac output as were seen could be 
readdy explamed as a secondary consequence of the venous pressure fall 
The mam action on the circulation of theophylhne ethylene diamme 
IS therefore due to theophyllme The effects of the latter dinig alone and 
that of theophyllme ethylene diamme linkage can thus be considered 
together 



Fig 1 In this and sabseqnent figures B P readings are noted along the top while heart 
rates are recorded beside the cardiac output figures 

Normal subject Tbeophylliue produces a fall in right auricular pressure accompanied 
by a transient rue in cardiac output The latter settles down to a le-vel below the ongmal 
value while the reduction of fillmg pressure persists Similar results follow a further mjection 
of theophyllme ethylene diamme 

AcnOK OF THEOFHYTiTiTWE AND THEOPHYLLINE ETHYLENE DIAJUNE 

1 Normal subjects 

Results are shown m Table I, with an example m Fig 1 It is seen 
that the venous fillmg pressure is lowered and the cardiac output shows an 
imm ediate nse which passes off withm 10-15 mmutes Thereafter, if the 
venous pressure remains low, the cardiac output may reach a level lower 
than that at which it began 




128 HOWARTH, McMICHAEL AND SHABPEY-8GRAFER, 


2 Hypertensive heart failure 

The most stnkmg efifects were seen m cases of hypertensive heart failure 
Typical examples are seen m Fig 2 and the later parts of Figs 3, 4 and 7, 
while the cardiac effects m the whole senes are summarised m Table II 
There is a rapid fall m the raised right aimdular pressure with a conspicuous 



Fig 2 Hyp^rterunve failure Thoophyllme ethylene dia^ereduc^^e 
to nearlv normal oardjao ontnut iiseB from a low 


increase m the output of the heart As a rule a^r changes 

five mmutes and are thus much more rapid m onset tha ^ ^ 

sZ after administration of digoxm. which take about 20 mmutes 

manifest (10) 
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Fig 3 Byperttnnve failure CompaTabla rednctions of renoos piessuie aie produced by 
congesting cufiEs on tbe tbigbs and theophylline ethylene diamine The nse m cardiac output 
resulting from the latter is much greater 



Fig 4 Hypertensive failure Comparable reductions of venous pressure are produced by 
oongestmg cufEs on the thighs and theophyllme ethylene diamine The nse m cardiac oul^t 
resnltmg &om the latter is much greater 
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In previous papers (8,10) ifc has been shown that m cases of hypertonsno 
heart failure, lowering of the venous pressure by congesting cuffs on the 
thighs, or by venesection, leads to an increased cardiac output of much the 
same order as that which follows similar degrees of lowermg of the venous 
pressure produced by mtravenous digoxm When the same typo of 
comparison was made with theophyihne, cuffs on the thighs produced a 
small but sigmficant mcrease m cardiac output, while theophyihne ethylene 
diamme produced a greater effect, the cardiac output rismg to a much higher 
level (Figs 3 and 4) 



Fig 


, . VUwleno diamme produces only a tran«ciit 

6 Milrol «t«no«s and ZjJa produces u considerable nao in cardiac 

efifeot on venous pressure 'aere^r tevel dtbougli the accompanymg fell m ”6^ 

output which, however, to ^ stimulating action on the heart an 

aurioulor pressure is mamtamed ine 
sensrate venous pressure reduemg action 


3 Rheuwattc heart disease 
In mitral stenosm th» nffecta of 

rttilung than m hyporte”®'” „ im, obvions (Elg «) 

n^y M oonaiderably, the nee m ratimo output » 



THEOPHYLLINE ETHYLENE DIAMINE AND THE HEART 131 


4 Paroxysmal ortTiopnoea l^cardiac asthma) 

In two hypertensive subjects and one case of aortic incompetence there 
have been attacks of severe orthopnoea durmg the observations In two 
instances the venous pressure, which had nsen to a very high level m the 
attack, dropped rapidly to a low level after theophylline with recovery 
of the cardiac output and symptomatic rehef Ih the third (hypertension) 
there was no immediate response to the first mjection, but a shght response 
of the kmd just outlmed (some improvement) after a second dose 



Fig 6 Mural tlenosu vnth auricular Jibnllation and severe failure Theophylline ethylene 
diomme prodnces only a alight increase in cardiac output Further reductions in venous 
pressure by venesection and digoxm are not accompanied by any further mcrease in output 
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S Emphysema 

Two cases of emphysema were givea theophyllme ethylene diammo 
la one the cardiac output of 7 htrea/mm was mcreased to 7 D litres/mm , 
but subsequently fell to 4 litres, when the nght auricular pressure, imtiahy 
7 cms below the sternal angle, fell to 11 cm sahne below the stomal angle 
The second case had a normal right auncular pressure which fell 3 cm 
and the cardiac output fell ftom 6 7 to 6 1 htres/mui 


■Fig 



1 -o. 'MvtilnpnB on motease m cardwo output and 

ryperiensm failure 1 5 uv the same direction are produced by 

ion of fiUmg pressure Further onanges 

,^11, ne ethylene diamme 


Sumrmtx<m of act^moSd^g^tal^8 and theophyllme 

thera^eSr-^— 
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theopbjlbne ethylene dianune (Fig 7) This effect was not demonstrable 
m mitral stenosis (Figs 6 and 6) 

TABLE n 


Effects of theophylltne ethylene dtamtne on cardtae out^t (in Ii(rc« per tntn ) 


A. Hypertensive heart disease 






Average 

imia CO 

Maxuoujn C 0 
after 1 EJl 

\ 

3 0, 2 3. 21. 

4 0, 

61, 

4 6, 4 2. 

6 0, 

22 

30 

6 6, 3 6, 2 8, 

63, 

6 8, 

6 4, 4 9. 

7 3, 

i 

36 j 

61 

IncTease 

mm 


D 

m 

HI 

D 

B 

B Mitral stenosis 




Average 




Initial C 0 

2 76, 2 16, 41, 



35 

Sliaxunum C 0 
after T E JD 

2 6, 2 7, 6 9, 

fil. 

36 

3 96 




Change 

— 26, + 66, +1 8, 

—3, 

-1-46 

-f46 





Disoussiok 

^0 results show that the mam action of theophyllme ethylene diammo 
on the cireulation 18 due to its theophylline component Greene, Paul and 
FeUer (7) noted that theophylline ethylene diamine reduced the venous 
Jres^e in normal subjects and m patients with congestive heart failure 
Analysis of our re^ts agrees with their findmgs but suggests that there 
are other actons of theophyllme m addition to those of 4nous pressure 
reduction and perhaps more complex than those of digitalis 

® action on the heart In normal subjects both 

^gitahs and venesection lower right auneular pressure which riults m a 

shoTS.a?e TheophyllSie may be fouCd by a 

short phase of mcreased output m normals, m spite of a lowered rmht 

pressure by an mcrease m output The mcreaae m output 
l»rt whioh M certaidy m»oh more eeejy demonetrabl, thi mry “m^rabh 
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action of digitalis The possibility that increases in cardiac output after 
theophylline are due to acceleration of the heart have been considered, but 
the increases in rate which occur seem too slight and irregular to play an} 
significant part The stimulatmg action of theophyllmo m normal, 
emphysematous, and rheumatic subjects has been noted to be loss certain 
and more fleeting than that usually seen m hypertension This may explain 
some previous failures to detect this cardiac action m man and nmmab b} 
older methods (11, 13) 

Starr and Gamble (14), usmg the baUistocardiograph, found a stimulating 
action of theophylline on the heart Stewart and Jack (16) also observed 
that the peripheral blood flow was increased by the drug, and supported 
Starr and Gamble’s interpretation Boyer and his collaborators (1, 2, 3), 
in a study of the action of theophylline on the coronary blood flow, came to 
the conclusion that the increase m flow which took place utis m large part 
accounted for by an adrenaline-lilce action on the heart, mcreased myocardial 
activity leadmg to an increased coronary flow as a consequence of the 
metabohe demands of the myocardium The stimulating action on the heart 
seen in our observations is certainly somewhat similar to that which has 
been demonstrated in tlio normal human heart with mmute doses of 
adrenahne (9), and we would agree with Boyer in attnbutmg an “ adronahne- 
like ” action to theophyllme so far as the heart is concerned 

Numerous attempts have been made to demonstrate a coronary yaso- 
dilator action of theophyllmo Evans and Ho^e (6) coidd demonrtrate no 
chmoal benefit in oases of angina pectoris Efforts to show that d 8 
modified the myocardial degeneration tollowmg ligation of cor ty 

mCrhave not been strd4ly («> “ P> 

mSon of cardiac pam and sudden death after the ™ » 

mmophyllme m coroniy thrombosis, and the stimulating action of to 
Sy well add to such nsks Although the type of 
W JZr« here cannot settle the question of a coronary ddator actmm 

:a:rfr;ruc'^? rr-^ortiircoSs which 

accounted for by the cardiac augm ^reviouslv (10) and we can only 
venous pressure fall have been ^ possible meebamsm The 

postulate a reduction m venomo theophyllme is usually very 

faU m right auricular pressure , J^ne of the greatest advantages 

rapid, and it is this rapidity o ao intravenous digoxm may only 

of the drug, smee the veneseebon may ^ 

he produced after this oftet of theophyfime on right 

difficult m severe heart taunre ab 
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auncular pressure may not be mamtamed, a combmation of the drug mth 
digitalis, after -n-hich the venous pressure fall tends to persist, has been 
demonstrated to give a summation of effects In practice, therefore, 
theophyllme ethylene diamine may be of the greatest value m cases m uhicli 
a decrease m auricular pressure is urgently required 

SuMMAKY ’ 

1 The circulatory action of theophyllme ethylene dianune is due to 
its theophyllme component, ethylene diamme havmg only a very slight and 
transient venous pressure reducmg action 

2 Theophyllme reduces the venous fiUmg pressure of the heart and 
also has a more transient direct stimulatmg action on the heart mcreasmg 
its output 

3 In normal subjects there may be a transient rise m cardiac output 
foUoired by a fall below the mitial level as the stimulatmg action passes off 
and the lowermg of fillin g pressure persists A similar reaction is also seen 
m emphysema 

4 In hypertensive failure the combmation of venous pressure louermg 
action and cardiac stimulation leads to remarkable improvements m cardiac 
output which m the first 15-30 mmutes after mjection of the drug are greater 
than those seen after digoxm mjeetions Digoxm and theophyllme may 
sometimes be given m close succession with summation of their actions 

5 In mitral stenosis with heart failure the venous pressure falls but the 
accompanymg rise m cardiac output is less than m hypertensive heart failure 

ADDEKDXjM 

Since this paper \7bs submitted for pubhcatioa Smith and Jensen (J Lab Chn Med 194G, 
31, 850) haTO reported that theophyllme ammo isobutanol stimulates myocardial contraction 
in the normal or failmg heart hmg preparation XJsmg the same compound on chmeal cases 
Stcmbeig and Jensen (ibid 1946, 31, 867) also noted a rapid fall m \enoiis pressure and 
shortenmg of the circulation time, the action lastmg for 60 90 mmutes 
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THE SURVIVAL OF TRANSFUSED ERYTHROCYTES, VHTH 
SPECIAL REFERENCE TO CASES OF ACQUIRED 
HEMOLYTIC ANiBMIA* 


By P L MOLLISON 

(A report to the Medical Research Council from the South London Blood 

Supply Depot ) 


A DiBECT method for mvestigating the fate of erythrocytes after transfusion 
from one animal to another was first mtroduced by Todd and White (24) 
The method depended upon the use of specially prepared immune haimolytio 
sera which reacted specifically with the erythrocytes of a given Bull (A) 
but not with those of other Bulls, so that after transfusion of blood from 
Bull A to another (B), the presence of A erythrocytes m the blood stream 
of Bun B could he demonstrated by testmg the mixed blood with the 
“ anti-A " serum 

Ashby (1) first apphed this prmciple to the determination of the survival 
of transfused erythrocytes in man Use was made of the practice of 
transfhsmg group 0 blood to recipients of other groups Thus m the case of 
a recipient of group A for instance, the mixture of 0 and A erythrocytes 
m the recipient’s blood after transfusion could be analysed by agglutmatmg 
out the A erythrocytes with an anti-A serum and then countmg the group 0 
erythrocytes 

During the twenty years that foUowed the publication of Ashby’s first 
paper only sporadic mterest was taken m the method In 1940, however, 
Wiener and Schaefer (30) demonstrated its value m assessmg the tune for 
which erythrocytes could useftdly be stored, and thus reawakened mterest 
m the subject Smce then, there has been an mcreasmg realisation, firstly 
that rehable quantitative results can be obtamed with the Ashby technique 
or some modification of it and secondly that the method enables one very 
simply to obtam most* useful evidence m a variety of hsematological problems 

* Almost all the material in this paper is taken from an M J) thesis (20), although a small 
amount of material collected subsequently has been added. 

I should like to thank Dr J C Han-ksley Prof H P Himsworth, Prof J McMichael, Dr 
M H. Pappworth, Prof G W Pickenng Dr Bufiis C Thomas and many other climcians who 
very kmdly allowed me to make observations upon patients under their care Dr M Maizels 
for densmg a techmque used for one of the experiments Drs J V Dacie and Bancy Bichardson 
mr carrying out all the osmotic fragility tests Dr J F Loutit for much heln and Dr A C 
Domhorst for valuable advice P u a v. 
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For instance, it has been demonstrated that estunation of the sur\ivnl 
in VIVO of the erythrocytes of stored blood is the only rehable criterion of their 
viabihty, smee the commonly accepted m vitro tests are often false {nudes 
(15, 22, 23) , the solution of problems of compatibihty, particularlj those 
involvmg the Bh types, has beep greatly facihtated by contrastmg the 
survival of blood of different types in different recipients (31, 29, 18) , the 
question of the normal life span of the erythrocyte, deduced from the sunival 
of transfused erythrocytes, has been considered by Wiener (28) and Callender, 
Powell and Witts (5), and others , evidence regardmg red cell destruction 
in various types of haemolytic anaemia has been obtamed by Dacio and 
MoUison (7), MoHison (19) and Brown, Hayward, Powell and Witts (4) , 
the method has also been used to measure blood volume as a check on 
another method of estimation (17) 

The chief purpose of the present paper is to describe the results of 
survival experiments in some cases of acquired haemolytic aniemia At 
the, same time the opportunity will be taken of presentmg some hitherto 
unpublished results of survival experiments m patients without haemoljtic 
anaemias and these will serve as a contrast to illustrate the features of normal 
survival 


Methods 

The procedures followed were those described previously (23), concen- 
trated er^hrocyte suspensions, prepared from blood stored for not more 
than four days m a citrate-glucose solution, bemg used for transfusion 
Except in a few special experiments, only blood from healthy donors was 
used 

The survival of donor cells was estimated by a modification (7) of Ashby’s 
Method (1) Patients of group A or B were transfused with group 0 blood 
and a group 0 serum was used for differential agglutmation In a feu cases, 
patients of group 0 were transfused and differential agglutmation was then 
effected with an anti-Rh, anti-M or anti-N serum, donors of appropriate 
Rh and MN type bemg selected 

The technique of differential agglutmation has been very slightly further 
modified In particular, very powerful group 0 sera exhibitmg zonmg 
are now used and prelimmary tests are set up to discover the dilution m 
which agglutination of the recipient’s erythrocytes is most nearly complete 
This dilution is then used throughout the experiment 

The complete technique is then as follows 20 c mm of blood from a 
well mixed, oxalated venous sample is pipetted mto 2 c c of serum-sa ne 
mixture (of optimal dilution) m a small test-tube (5x1 cm ) and after mixing 
left at room temperature for not less than one hour The tube is t on 
centrifuged at about 1,000 r p m for just sufficient time (about one mm^) 
to cause loose packmg of the cells with a clear supernatant flui ® 
tube IS then shaken with moderate vigour and immediately re-cent ge 
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After three centnfngmgs and three mixings the tube is held upright for a 
few seconds to allow the large clnmps to start sedimenting and then 
immediately a drop of flmd is removed with a Pasteur pipette from the top 
of the column (now frue from large agglutmates) and placed on a counting 
chamber Usually two “spreads” are made and a total of 1,000 cells counted 
For modifications when usmg anti-M or anti-N sera see (7) , when usmg 
anti-Rh sera, the centrifuge technique was employed hut only 0 2 c c 
quantities of serum and blood suspension were used, for the sake of economy 

Expression of results 


The first workers (1, 26) to publish the results of experiments made with 
the difierential agglutmation method reported their results directly, in terms 
of the absolute concentration of un-agglntmated erythrocytes surviving in 
the recipient’s circulation at different mtervals after transition Consider- 
able emphasis was laid on the “ total survival time,” t e , the maximum time 
durmg which donor erythrocytes could he detected in the recipient’s 
circulation, and this time was used to summarise the results of each experi- 
ment Martmet (16) and Dekkers (9) also tried to estimate the total survival 
tune However, direct determination of the pomt at which donor 
erythrocytes finally disappear from the recipient’s cucnlation presents 
technical difficulties, smce the method is least sensitive when there are 
fewest surviving erythrocytes 

Before considering how this problem could he overcome (for example, 
by transfusmg much larger quantities of blood than those used by the 
workers mentioned), it is worth enquinng whether the total survival time is 
m fact an adequate expression of the results The answer to this question 
depends upon whether or not the number of erythrocytes surviving at 
mtervals after transfusion is found to be mversely proportional to the time 
smce transfusion , that is to say, when the results are plotted graphically, 
whether the slope of ehmmation is Imear If the slope were Imear under all 
conditions, not only would calculation of the total survival tune be the most 
satisfactory method of companson between one case and the next, but 
direct estimation of the time at which donor erythrocytes were last present 
m the cuculation would be unnecessary smce this pomt could he readily 

determmed by extrapolation of the slope formed by plottmg mtermediate 
estimates 

In practice, as first pomted out by Witts and his co-workers (i) the 
slope of ehmmation is not always Imear In haemolytic ansmias the done 
may be curved and, although a Imear slope is the rule m subjects not affected 
with a hffimolytic process, an imtial curvature followed by strict Imeantv 
may be found m subjects rendered plethoric by transfusion (4) Aeain 
aft^transfiisions of old stored blood there may be an initial phase ofrjpid 
estruction followed by a phase of slower destruction (21 23) In such 
cases the total sur^val tune does not adequately describe the results and 
some information about the proportion of erythrocytes surviving at various 
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intervals after transfusion must be given The simplest method of doing 
this IS to plot the results on a graph, which can be submitted to mathoraatical 
anal 3 r 8 is (^4) Alternatively, the percentage survival at different arbitanlj 
chosen intervals can be calculated and used as a basis of comparison bet v eon 
one case and the next 

One difi&culty deserves discussion at this stage and that is consideration 
of blood volume changes after transfusion Eollowmg the transfusion of 
blood to a recipient with a previously stable blood volume the latter is 
temporarily moreased and is only slowly re-stabihsod Because of this 
disturbance there is usually an mitiai progressive increase m the count of 
donor erythrocytes in the recipient’s circulation and the maxunum figure 
may not be reached until 48 hours after transfusion Smee there is hut 
little information available about the duration and extent of these changes, 
the following figures, although mcomplete, are given here 

Two groups of recipients were tested Four subjects received an average 
of 600 c c of concentrated erythrocyte suspension in 20 to 40 minutes, and 
eight other subjects received an average of 1,010 cc of citratod blood in 

periods varying from 20 to 86 mmutes r r*. i 

In both groups the venous samples obtamed five mmutes after the end 

of transfusion were tested The concentration of donor erythrocytes and 
the hemoglobin and hematoent values of thm sample 
as 100% and the figures for estimations on samples taken at 24 and 48 hwrs 
after transfusion were expressed as percentages of these figures The 
results are shown in the following table — 



I I'll I r" iiM, I-, — ^ 
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It will be observed that in both groups there is a substantial increase 
m all the values during the 24 hours following transfusion, indicatmg a 
compensatory decrease m blood volume durmg this period The changes 
m the period 24-48 hours after transfusion are much smaller in extent, 
suggestmg that as a rule changes are mainly completed uuthm the first 24 
hours 

In Table H some figures are given from three cases m which further 
estimates were made of the concentration of donor erythrocytes m the 
recipient’s circulation at 72 hours after transfiision It appeared that the 
blood volume m these cases had become stabilised withm 48 hours of 
transfusion 

TABLE n 


Changes in heemogldbtn, hcematocrit and donor cell conecnlralton during the 72 hours after 

transfusion in three recipients 



Hb 

Hsmatocnt 

Concentration of donor 
eiythrocytes per omm 

Case 2 Transfiieion of 610 

0 0 conce 

ntrated cell suspension 


Before transfusion 

48 

27 4 



After transfusion 

60 

32 8 

1,086,600 

24hrs after transfusion 

65 

34 4 

1,076,000 

48 hrs after transfusion 

62 

36 0 

1,092,000 

72 hrs after transfusion 

63 

36 2 

1,076,000 

Case 3 Transfusion of 616 

0 c conce 

ntrated cell suspension. 


Before transfusion 

29 

17 0 


After transfusion 

36 

214 

843.000 

24 hrs alter transfusion 

42 

26 0 


48 hrs after transfusion 

46 

27 0 

939,000 

72 hrs alter transfusion 

44 

26 6 

seeiooo 

Case 13 Transfusion Of 846 


ntrated cell suspension 


Before transfusion 


17 9 


Alter transfusion 


310 

1,699,000 

24 hrs after transfusion 


314 

1^721^000 

48 hrs after transfusion 


34 0 

2'021»000 

72 hrs alter transfusion 

■■ 

34 3 

i;98i;ooo 


The evidence suggests then that blood volume changes are usually 
complete by the end of 48 hours after transfusion Prom this evidence 
one can draw the conclusion that m plottmg the results of survival 
experiments it will be best to ignore estimates falling m the first 48 hours 
although, particularly when only 600 c c of blood or erythrocyte su^ension 
have been transfused, the first sample may be taken at 24 hours without 
mtroducmg any largo error Of course, such an estimate taken at an appre- 
ciable mterval after transfusion will not represent 100% survival because 
there will already have been some destruction of donor erythrocytes 

Experiments m which the prospective recipient is submitted to 
venesection before transfiision, so that a sample taken shortly after transfusion 
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represents 100% survival ivitli minnnum error, support the idea that the 
rate of destruction is normally no more rapid m the immediate post- 
transfusion period than it is subsequently (Case 25 and Callender ond 
others (6)) 

When the rate of destruction is very rapid, as m the case of some 
haemolytic anaemias, a sample taken immediately after transfusion may give 
the best estimate of the maximum donor cell count 

In the cases reported in the present paper, samples -were usually taken 
immediately after transfusion and then at 24 or 48 hours and subsequently 
at suitable intervals depending upon the expected rate of destruction When 
the rate of elimmation was normal or approximately normal the count of 
donor erythrocytes m the 24 or 48 hour sample was taken as the first ostuunto 
for plotting graphically, or was considered as 100% survival when cases 
were bemg compared on this basis When destruction was rapid, the count 
of donor erythrocytes in the sample taken immediately after transfusion 
was taken as 100% although it is realised that for accurate analysis of the 
curves, the estimates fallmg in the first 24 hours at least are subject to 
sbght correction 

In representmg the results graphically, straight or curved hnos have 
been drawn to pass as closely as possible to the majority of the pomts 


RESULTS 

SECTION I Cases sHOwma normal survival 
{a) A m%%ed grov/p of rmptenis 

This eroup of reoipientB is made op of eleven petients offeoted mth 
hypoohroBuo ananua (idiopathic or secondary to hismorrhage), ro 
c^valesoent enbjeoto and one healthy aubjeot Th» jnd"de omo 
of the oases forming the oontiol gionp in a provions paper (23) hot so me 
eases foBowed for longer penods have been substituted and the results ere 

24 or 48 hours (72 hours in one S Jol toustou 

eneept for Case 26 who was veneseeted 

and m whom the oonoentration immediately after traustusion ws 

“ iril be noted, firstly, that the ^ WO 

secondly, that the average total survival PP 

and 120 days , that first reported 

This survival pattern compares v ry +_J_-f,«,on Erom the fact 
by Wiener (28) as the normal of the recipient has no 

that, m the present senes, the recent work of Callender 

^obvious effect on the survival rate and &om the recen 
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Days after Transfusion 


Fig I SuTvnal of transfiued erythroc^ea in a mixed group of recipients (nmnerab indicate 
serial numbers of cases) {tee Table lH) 

et al (4) on the survival rate m healthy non-ansenuo anbjects, one may 
conclude that any difierences between the survival rate m ansenuc and 
non-ansemic subjects are certamly small 

Whilst 14 of the 15 cases form a feirly compact group on the graph, 
one case (Case 4) shows a distmctly lower survival rate and the slope of 
ehnunation appears to he curved The recipient was a recently dehvered 
woman and it was at first suspected that the shorter survival might be due 
to previous sensitisation to the Rh agglutmogen However, the patient 
proved to be Rh positive and among serological factors only the much smaller 
possibility of sensitisation to Rh subgroups remained Durmg an 
mvestigation of the survival of stored erythrocytes (14) a few similar cases 
were encountered, that is, subjects in whom the findin g of a diminished 
survival rate was qiute unexpected and could not be e:i^lamed upon 
serological grounds Further mvestigation has revealed that the pheno- 
menon 16 reproducible as between a given donor and recipient but the cause 
of it 18 still obscure (Lontit and hlollison, unpublished observations) 

In Table HE a few details about each of the 16 cases are recorded 
together with the figures for percentage survival at 30, 60 and 90 days 
which have simply been read off the graph It is evident that neither the 
hsemoglobm level of the recipient nor the short penod of storage of the 
donor erythrocytes has any gross effect upon survival 
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TABLE m 

Survival of tranofuscd erylhroetflca tn convalueenl auhjecte or subjects affected iitth a hvtwhroimc 

anamta 


Case 

No 

Sex 

Diagoosis 

1 

Hb% 

Amount* 

trane 

fused (o c ) 

Length 

of 

Porcontago sun u al at 

storage 

(days) 

30 daya 

00 daj s 

00 date 

3 

F 

Hypochromic aatemia 

29 

600 (0) 

3 

so 

47 

21 

4 

F 

Hypochromic ancemia 

64 

490 (C) 

3 

48 

19 


5 

F 

Hypochromio ancenua 

90 

1040 (B) 

0 

60 

35 

7 

14 

F 

Hypochromio onzemia 

66 

1260 (B) 

1 

80 

40 

17 

16 

F 

Hypoahromio ancenua 

60 

600 (0) 

1 

80 

40 


16 

F 

Hypochromio ancenua 

60 

400 (0) 

1 

58 

36 


17 

F 

Hypochromic ancemia 

40 

796 (C) 

2 

74 

40 

17 

18 

F 

Hypochromio ancenua 

58 

970 (0) 

3 

70 

47 

17 

19 

F 

Hypochromio aniemia 

76 

1010 (C) 

3 

70 

43 

4 

20 

F 

Hypochromio ancenua 

60 

1000 (B) 

3 

71 


— 

21 

F 

Hypochromio ancenua 

60 

460 (C) 

3 

60 


— 

22 

M 

Infective hepatitis 

102 

990 (B) 

1 

72 


— 

23 

HI 

CSiroma bronohibie 

102 

660 (B) 

2 

08 

46 


24 

M 

Gastric ulcer 

108 

900 (B) 

2 

79 

— 


26 

M 

Normal subject 

92 

480(C) 

4 

80 

51 

31 






Avbbaoi 

71 1 

422 

10 3 


» B « Blood , C »= Concentrated eaythropyte suspension 


(b) A gioup of dtseased avhjects 

(1) Chronic sepsis Sumral was estimated m six patients suffering 
from some chronic infection (e g , ohronic osteomyelitis, pyehtis of pregnanp' , 
empyema thoracis, etc ) In none of these cases was there evidence of a 
hemolytic process from the olnucal pomt of view or from an ordma^ blood 
examination In each case, normal survival of the donor erythrocytes was 

‘raS"- P-™- 

evidfnoe ttot m ohronio casea of sopSB eiraxooyte ^“‘7’?““' “ 
by the method of difforontaal agglutmotion, m “to 

oLto ooptio oooditiono dostraotaon moy ta mp.d M example of to 
latter type is presented below {see Section 11) 

(2) CMomomatosw Two oases were mvostigated, m ° 

each instance (see Table TV and Pig 2) 

(c) Two cases of Addisonian ancemia ( Gases No 32 and 33) 

Ashby (2) first reported findmg Pig 3 are 

orytC^ tomfimed to oases of Addmomoa .momr. Jn Kg 
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Fig 2 Snrvival of transfused erythrocytes in six cases of chronic infection and t\ro cases vnth 
a carcinoma (see Table IV) 


TABLE IV 


Sumtal of Iratufuted erythroeytes tn patients affected vnth a chrome eeptie proeas or a neoptatm 


Case 

No 


I 

Hb% 

Length of storage 
of 

1 transfused blood 

1 

Percentage survival of 
transfused erythrocytes at 

30 days 

60 days 

90 days 

26 

Chrome osteomyehtis 

S2 

0 

82 

1 34 


7 

Chrome empyema 

72 

0 

80 

34 

1 - 

6 

1 Chrome empjema 

62 

1 

77 

1 46 



27 

Chronic empyema 

68 

2 

65 

40 

1 

28 

Pyelitis of preenanev 

66 

3 

71 

43 


29 

Chrome pulmonaiy 







tuberculosis 

60 

3 

71 

48 

16 

30 

Caremoma of hemx 

65 

3 

69 

40 


31 

Caremoma of cemx 

42 

1 

4 

1 

82 

60 

— 





73 9 

419 

1 

— 


plotted the results of estimations made in one case An estimate made only- 
two hours after transfusion has been included because blood volume before 
transfusion was very small (approximately I 9 litres) and there was some 
evidence from Hb and hematocrit estimations that it remamed at a higher 
level after transfusion , for the same reason, actual figures rather than 
percentage survivals have been plotted It will be seen that the slope was 
hnear and the total survival time was a little over 90 days 

Qio case was only foUowed for six days after transfusion, when 

940,000 donor eryiihrocytes per cujnm remamed out of 1,060,000 per 
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cumm in the 24 hour sample This findmg is consistent with nonual 
survival 

These results of course only indicate that in pernicious amcnua there 
IS no mechanism destroying normal red cells , they do not give any mfonna- 
tion about the survival tune of the red cells produced hy tlie patient In 
fact, Loutit (12) has recently demonstrated that the survival tune of the 
latter is leduced 


{d) A case of nofMimdl Itcmoghhimina 

Dacie and Mollison (7) reported the findmg of a normal survival rate of 
erythrocytes from a normal donor m a case of nocturnal hiemoglobimirjn 
and fuller details of the same case were published by Bacie and Eirth (0) 
The survival of transfused erythrocytes has now been estimated m a second 
case and normal survival has again been found I am mdebted to Professor 
H P Himsworth for allowing me to estimate the survival m tins case and 
to report the results 

Case 34 Mrs N S first became ill at Christmas tune in 1943 She 
was admitted to University College Hospital m July, 1944, complaimng 
of palpitation, pallor, dyapnoaa and sweUmg of the anldes Her blood count 
was as follows BBC 660,000 per c mm , Hb 17%, M 0 B 80p. 
W B C 2,000 per c mm , reticulocytes 8% (17% shortly afterwards) , 
osmotic fragility normal She responded well to transfusion and was 
discharged from hospital She was readmitted in November with hemo- 
clobmuria , blood examination revealed hiemoglobmsemie end metlueiual- 
bummasmia , the “ acid haemolysis ” test was positive and a diagnosis of 

nocturnal haemoglobmuria was made » 

She was tonetueed on January the 2Cth, 1946, mth 1,090 oc of a 
oenoentrated. washed, erythreoyte ^pension ^paied twm tTO j roup 
0 Eh negatiYO and two group O Eh positwe donors 'a® 2““^ ™ 
grom 0, Eh positive and the survival of the Eh negative erythrosyto vos 
Lusted after difierential agglutination with an anti-i^ 
late of olimmation was found . out of an untial total of ™ 

24 hours after transfssion. 840.000 per enm. or 46/„, 

destruction of normal erythroo;ytes 

(e) Famihal homoli/ttc anemia 

Bacie and Mollison (7) reported 

active ease of familial haemolytic normal donors survived 

transfused to a with fanuhal h®molytic 

for a normal length of time m . the hypothesis that 

_ They pointed out that of 

the basic abnormabty of familial h®mol^ic an®mia 
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^ not inoreasod bv the add.han 

of thXm^^bJ 

oolla rososponded in phosphate hnffet to make a 1% snspension 0 06 c c 
of ttw sn^easion was then measnied into each of a senes of sahne solutions 
and the degree of haemolysis read m a colorimeter after 10 mmutes after 
centrifugmg the tubes ’ 

As controls, the foUowmg bloods were also put through the cutuo 
process 


(1) Patient’s blood + anti-B serum (no agglutmation caused filtrate 
contamed mixture of patient’s + donor’s cells) 

(2) and (3) Two normal bloods mixed with a compatible groupmg 
serum 


The results were as follows 


Percentage lusts tn fdllomng eoneentrahons of NaOl 



0 72 

0 66 

0 60 

0 64 

0 61 

B 

0 46 

0 42 

0 30 

036 

033 

Pt ’s blood + anti A (* e , 
donor's cells extracted 
from recipient's circola 
tion) 



0 

j 

0 

0 

3 

6 

5 

9 

20 

40 

Pt 's blood anti B (t e , 
donor's cells m recipient's 
circulation plus patient's 
own cells) 

0 

5 

! 

20 

44 

47 

65 

67 

66 

1 

! 

I 85 



Pt ’s blood untreated for 
companson 

0 

6 

20 

50 

65 

GO 

74 

78 ! 

90 

1 

— 

Normal (Dr M ) sonim 

B 

B 


■ 

■ 


B 

0 

2 


62 

Normal (P L M ) + serum 

■ 

H 

■ 

■ 

■ 

■ 

■ 

6 

12 

27 

62 


The experiment was repeated eleven days after transfusion with a 
similar residt IncidentaUy, survival of the transfused ceUs wus foUowed 
for four weeks and only a slow rate of elimination wus found 

Ctmment This experiment demonstrates that 
transfused to an active case of famibal heemolytw finding 

fragihty whilst circulatmg m the patient’s ^ood stream J^^clmg 
lends further support to the view that m famihal h®molyt 
basic abnormabty hes in the patient’s own eryt rocytes 
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SECTION n StJBvrvAij in oases of aoquired h^molytio anemia 

The cases of acquired hsemolytic ansemia m this senes have been 
arbitrarily divided into two groups, idiopathic and symptomatic In the 
B3nnptomatic group have been mcluded those patients who had a condition, 
for example, lymphadenoma or pulmonary tuberculosis whose occasional 
association with hsemolytic ansemia is weU recogmsed In the idiopathic 
group have been mcluded those cases m which hsemolytic ansemia was the 
central feature of the illness and m which there was no other recognisable 
disease Smce, m fact, the reason for the occurrence of hsemolytic ansemia 
in certam cases of severe pulmonary tuberculosis is not m the least understood^ 
it will be seen that the division of cases adopted here is merely one of 
convemence 

The idiopathic cases have been divided mto two groups, the first of 
which consists of four cases with features very like those of familial 
hsemolytic ansemia (acholuric jaundice) , the second group consists of a 
smgle case whose features suggest that different setiological factors were 
concerned 


(o) Idiopathic types 

(1) Cases of acquired idiopathic haemolytic anaemia, closdy resembling 
familial h<xmolytic an(Bmia {acholuric gaundice) Observations were made 
upon four cases All were middle-aged or elderly subjects with a history 
of only a few months of defimte illness, of which the most constant symptoms 
were weakness and dyspnoea All exhibited pallor with a slight yellow 
tmge and m every case the spleen was enlarged A blood exammation 
showed a severe ansemia of macrocytic type, but with a proportion of 
spherocytes , reticulocytes were numerous and osmotic fragility of the 
erythrocytes considerably increased The serum bilirubm concentration 
was moreased and Sohumm’s test for methsemalbumm (10) was positive, 
although no methsemalbumm could be demonstrated spectroscopicaUy’ 
Wo hamolysms could be demonstrated m the sera Only the history of 
previous good health, extendmg over forty years or more and the absence 
ol any family history of jaundice or ansemia suggested that these were cases 
of acqi^d rather than familial hamolytic ansemia In every case rapid 
eximmation of the transfused erythrocytes was observed 

Case 36 Female (MS), aged 60 This patient first presented herself 
complammg of general weakness for the previous fortmght followmg “a 

f ^ and ter spleen 

T examination showed BBC 2,100,000 per c mm , 

Hb , Cl 1 2 , haematocnt 21 , M C V 100 , reticulocytes 32% 

plasma bilirubm 2 4 mg per 100 cc , direct Van den Berghpositiv^ 
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ScliTimin’s test positive , osmotic fragility considerably mcionsed (t c , 
lysis commenced in 0 76% NaCl , 50% lysis m 0 46% NaCl , 100% Ijsis in 

0 36% Nad) A blood film showed marked anisocytosis of the red cclU, 

with a fair number of macrocytes and some spherocytes , polycbromnsia 
and punctate basophiha W B 0 4,000 per c mm (Polymorphs 66%, 

lymphocytes 32%, eosmophiles 1%, basophiles 1%, monocytes l*)^) 
Normoblasts 1,600 per c mm Marrow puncture leuco-erythroblast ratio 

1 1, (red cell series , haemoojrtoblasts 2, erythroblasts 11, normoblasts 37} 
Whole blood samples showed an increased rate of autohsemolysis m vitro 

There was slight autoagglutmation at 6°C but none at room 
temperature 

This patient had been m hospital four years previously for a long 
standing varicose ulceration of the leg A blood count at that tune shoncd 
E B C 4,800,000 per c mm Hb 84% , reticulocytes 0 4% This blood 
picture together with a history of perfect health previously and the absence 
of any famihal history of jaundice or ansemia was considered to make it most 
improbable that this was a famihal case of hsemolytio anaemia The varicose 
ulceration healed after periarterial sympathectomy 


Pour consecutive blood transfusions were given and on each occasion 
there was a rapid elimmation of the transfused erythrocytes (see Table \ ) 
There were no gross variations in the rate of elimmation between one 
transfusion and another However, the erythroc^es of the fimt ^ramfusion 
were eliminated rather more rapidly thanthose of the subsequent transtoiw 
There was a close similarity between the survival figures for ^ 
third transfusions and the estimates, expressed as percentages of the counte 
immediately after transfusion, have been plotted together in Rg o s 
^sSSfty aSl demonstralte the curvature of the slope of elmmation 
dL not start smoothly fiom tho first sstnaatss and *" 

<• hump ” evidontly expresses os !m 

donor erythrocytes, consequent upon blood volume rea j 

previously been discussed 

the case of the fourth transfusion, erythrocytes of different 

Jn the given immediately one after tho 

The patient died nme days ato fte fo^h heart, 
Lgaly. There ims hypertrophy of the hone mamiw 


■Widely varymg rates of destruction 
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TABLE V 

Sutvital experiments in a ease [Case 36) oj idiopathic acquired hcemolytie ancemia 


Bate 

Details of transfusions 

Hb% 

Count of unagglutinated colls 





per cjnm 


1942 

10th Sept 

Patient's blood group A j B Bh+ 





Tnmsfhsed with 630 c c of a 
concentrated eiTthrocyte sus 
pension (group 0) in 17 minntes 







Before transfusion 

30 


3,000 



6 nun after transfusion 

43 


940,000 


16 th Sept 

Six days after 



71,000 


22nd Sept 

Transfused with 614 c c of a 
concentrated eiythrocirte sus 
pension (group 0) in 16 nuns 






Before transfusion 



6,000 



8 nun after transfusion 



937,000 


24th Sept 

2 days later 



816,000 


20th Sept 

7 days later 

42 


336,000 


6th Oct 

13 days later 

34 1 


91,000 


6th Oct 

Transfused with 600 c c of a 
concentrated erythrocyte bus 
permon (group 0) 






Immediately after 

48 


787,000 


8th Oct 

3 days later 

47 


688,000 


15th Oct 

10 days later 



126,000 


21st Oct 

10 days later 



64,000 


2lBt Oct 

Xr&nsfuscd with 496 c c 
tratod erythrocyte suspension of 
group 0 Rh+ blood followed by 
635 c c of group A, Rh-blood 


(1) OBh+ 
cells (after 
agglutination 
with group 

(2) A, Hh- 
cells (after 
agglutination 
with anti 

(3) 0 Bh+ 
and A| Bh- 
cells (after 
agglutination 




0 serum) 

Bh serum 

with group A 
serum) 


Before transfusion 


64,000 

76,000 

39,000 

21st Oct 

After transfusion 


766,000 

882,000 

1,677,000 

26th Oct 

4 days later 


632,000 

644,000 

1,034,000 

29th Oct 

9 days later 


90,000 

124,000 

1B2.000 


1942 ZVorimT y fi' m April 

nJ^' ^ dyspnoea and weakness of the legs He had also 

noticed that he had become more yeflow and had lost som! weight^ 
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'was no family history of anaemia or lann/^ifv. a 

m Juno, 1942, his liver and spleen were fo^ to Wni 

showed E B G 1,600,000 c Z m lX 

9 20/^ serum bilirubin concentration, 4 5 mg per l4 c c ‘ 

showed occasional nucleated red cdls Tii/» a. ^ ^ 

~d Her. was no aS^a^S^taS™ 

^^ ratme Ho Waaaemaim and Kahn reactions were nerafiro 'S 

ir ^th repeated transfusions to which he responded s^th 

olent febrile reactions but with some improvement 

He was readmitted to hospital on January the 26th 1943 -mrtr on « * 
exaeerbation (R B C 960,4 per enan) t 7^^ {mZ 

transferred to another hospital and it was at this tune that he 'fust ciml 
1 enervation A blood examination showed BBC 

1,300,000/c mm Hb 32% , reticulooytes 60% , osmotic frsgihty, trace of 
haemolysis in 0 84% NaQ, 80% hsemolysis m 0 65% Nad , blood film, ncU 
^rked microspherocytosis, serum bihrubm concentration 6 0 mg per 
loo c 0 , Schumm’a test positive No autoag^utmation at 19®C It 
was noted that samples of whole blood, standing at room temperaturo 
started to haamolyse withm one hour of withdrawal from the patient 
Physical examination patient pale and shghtly jaundiced , spleen enlarged 
and firm 


The patient’s blood group was found to be 0, Eh positive Many 
transfusions were given during the foUowmg 4 weeks and after four of these 
the survival rate of the erythrocytes was estimated After the first 
transfusion, in which 1,500 c c of group 0 Rh negative blood were transfused, 
the post-transfusion sample was not obtamed until 24 hours after the 
beginning of the transfusion Although this large quantity of blood had boon 
transfused, only 165,000 donor erythrocytes per cjnm remamed m the 
patient’s circulation following subsequent transfusions therefore, a sample 
was always obtained within two hours or less of the start of the transfusion 
and the transfusion itself was always completed withm 100 mmutes In 
this way it was possible to make more detailed observations on the fate of 
the transfused cells 

As will be seen from Table VI, the rate of destruction of the transfused 
erythrocytes was exceedingly rapid Por instance, after the transfusion 
on March Slst when observations were made on several different occasions 
during the 24 hours following transfusion, it was noted that 46% of the 
transfused eiythrocytes were eUmmated withm nine hours of transfusion 
The results of this transfusion are displayed graphically m Pig 6 to shou 
the curvature of the slope of elimination 

On April the 21st, 1943, splenectomy was performed Many further 
transfusions were given and the survival of the erythrocytes was estimated 
following two of these In each case the rate of elimmation u as found to 
still much increased hut was distmctty leaS than before splenectomy 
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The patient was dischatged from hospital approximately seven weeks 
after operation and appeared to be unproved, although the osmotic fragihty 
of his erythrocytes remamed almost unchanged, {* trace of hsemolysis in 
0 82% Nad , 50% lysis in 0 68% NaCl) At this time it was noted that 
there was antoagglntmation of the patient’s erythrocytes at room tempera- 
ture, a phenomenon which had been tested for frequently before but never 
found 

During the foUowmg two months he received no treatment but his 
haemoglobm rose to 76% He was seen agam four months later (November, 
1943) and by this tune his recovery was more stnkmg He was now doing 
SIX days work a week and feelmg much stronger Blood count R B C 
3,760,000 per c.mm , Hb 72% , Hmt 36 5 , reticulocytes 8% , Van den 
Bergh, indirect, 2 mg per 100 c c , osmotic fragihty still greatly mcreased 
(lysis began in 0 76% Nad) 



Fig 6 Survival of transfused erythrocytes in a case of idiopathic acquired hsmolyticantenuB 

(Cose 37, second transfusion) , note that the tune scale is m hours 


The patient was seen once more m February, 1945, and was found to be 
greatly improved m health He reported that he “ never got tired and could 
walk for miles and miles ” A blood examination showed BBC 
5,000,000/c mm , Hb 96% , reticulocytes 1% , Van den Bergh 0 36 mg 
per 100 c c He volunteered to receive a farther transfusion and after 
fet bemg bled of 430 c c he was given 600 c c of a concentrated suspension 
of group 0 Rh- erythrocytes Elunination was much slower thnn jt had 
been previously but was nevertheless far more rapid than normal (complete 
in about 27 days) ' ^ 


Case 38 Female (E S ), aged 46 This patient gave a history of 
having for many years She was, however, a very hypoohondnacal 

subject and her symptoi^ were numerous and vague Examination showed 
that she had a very sallow complexion and an enlarged spleen A blood 
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TABLE VI 

Survival expenmenta tn a eaae {Case 37) of idiopathic acquired hatmohjlic anoemta 


Date and 
time 


1943 

29lh March 


1215 pm 
3 30 p m 
30t/i March, 
12 0 p m 
31«( March 
10 26 aon 

10 26 a m — 

11 66 ajn 


12 0pjn 
12 30 p m 
10pm 
3 40 p m 
8 50 p m 
ls{ April 
11 30 am 
2n<i April 
0 45 aon 
Sth Apnl, 
19rt Apnl 
10 55 am 


Tune after eacli 
transfusion 


5 mmutes 
3 hours 


24 hours 


48 hours 


5 mmutes 
i hour 
1 hour 
3} hours 
9 hours 


24 hours 


46 hours 
5 days 


Before 


Details of 
transfusiona 


440 0 0 of a concen 
trated erythrocyte sus 
pension (group 0 Rh-) 


Count of unagglutinatod or} throoj tci 
per eunm 


1,000 c 0 of a concen 
trated erythrocyte bus 
pension (group 0 Bh-) 


600 0 0 of a concen 
trated erythrocyte sus 
pension (group O Rh-) 


11 18 a m 6 mmutes after 
1 65 p m 2i hours 

20th Apnl 24 hours 


401.000 

232.000 


127,000 


1.198.000 

1.139.000 

1.040.000 

894.000 

676.000 


509,000 


282,000 

64,000 


20,000 


646.000 

633.000 

233.000 
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TABLE VI— (cont ) 


Date and 
time 

Tune after each 
tnmsfumon. 

Details of 
transfusions 

Count of unagglutinated erythrocytes 
per cjxun 

21«t April 


SPLENECTOMY 


26rt April 


500 c c of a concen. 
trated erythrocyte sus 
pension (group 0 Bh-) 


27lh April 

1 day 


880,000 

28lh April 

2 days 


784,000 

30lh April 

4 days 


470,000 

Itt May 

6 days 


378,000 

3rd May 

1 7 days 

1 

1 240,000 

131A May 

17 days 


08,000 

4lh June 1 

Before 1 

600 0 c of a concen | 
trated erythrocyte sus j 
pension (group 0 Bh-) ' 

19,000 


Immediately 

after 


464,000 

Bth June 

1 day 


423,000 

8(A Jttne 13i3 

4 days 


203,000 

13(h Feb 194G 

Before 

1 hour 

600 0 0 of a concen 
trated erythrocyte sus 
pension (group O Bb-) 

69,000 

661,000 


31 hours 


648,000 

18(h Feb ig4£ 

1 6 days 


477,000 

26lh Feb 1941 

i 13 days 


290,000 

12lhilXar 194{ 

> 27 days 

1 

52,000 


examination m May, 1942, shoiyed R B 0 1,480,000 per cmm , Hb 
35% ,01 1 18 , M C V 137 p*, reticnlooytes 41% Many nucleated 

red cells were observed in a film of peripheral blood Osmotic fragility , 
famt trace of lysis m 0 76% NaCl, 60% lysis m 0 46% NaCl, 100% lysis 
m 0 32% NaCi Serum bilimbm 1 0 mg per 100 c c There was moderate 
autoagglutmation at refrigerator temperature but none at room temperature 

Two transfusions were given and the erythrocytes were ehmmated 
rapidly on both occasions, e g , only about 13% survival was found eleven 
days after the first transfusion and only about 23% eleven days after the 
second After these transfusions the patient left hospital m an improved 
state , she was seen two months later and found to be BtiU well Hb 80% , 
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reticulocytes 12% , osmotic fragility less than before, t c , trace of lysis m 
0 62% NaCl , 60% m (less than) 0 42% NaQ 

Three months later the patient \yas readmitted to hospital and found 
to he worse again , R B 0 1,440,000 per c mm , Hb 34% , 0 1 1 18 , 
Hmt 17 6, M C V 121 , reticulocytes 42% , osmotic fingihty trace 
hsemolysis in 0 72% NaCl, 60% Ij^is in 0 46% NaOI A blood fihn shoued 
well marked microspherocytosis It was noted that there was non strong 
autoagglutination at room temperature but after transfusion tins plienomenon 
disappeared again only to reappear one week later and disappear once inoyo 
after a farther transfusion Cell survival tests showed that the rate of 
destruction was shghtly higher than it had been previously, for ehmination 
was almost complete by eleven days after transfusion The estimates made 
in this survival test are plotted graphically m Rig 6 and the protocols of 
this and two subsequent survival tests are given m Table VII 




Fig 6 Survival of transfused erythrocytes m a case of idiopathic acquired haanolytic amemia 
(Case 38, fourth transfusion) 

Fig 7 Survival of transfused erythrocytes m a case of idiopathic acquired hauuolyhc anreium 
(Case 30} 

Snbueotomy was perfonned on January the let, 1943, the eqmyatent 
of ap^^Sy thJutres of blood Wmg ton^ 
after the operatxon Samplee of blood tak^ four 
showed autoagglutination at room temperature once more 
test was commenced at this time after a further transfusion ® ^ 

The rate of elunmation was found to ® ^tirobs^tion of a low 

occasion and this finding corresponded -m ^^ 1 ^ Schumm’s 

reticulocyte count at this period, nanm y ^ ® oneration and was weakly 
test was carried out for the first time five of this transfusion 

positive Unfortunately the survival of the ^ ^ansfusion of the same 
oonLd not be followed to completion because another traustusion 
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TABLE Vn 


Survival txptnmejiU in a caae (Coae 38) of tdiopathic acqumd htemolylie oncemia 


Date and 
tune 

Tune after each 
transfusion 

1 Details of 

tranafusiozis 

Count of nnagglntinated 
erythrocytes per cjmn 

15(h Dec 1042 

Before 

1,000 c c of a concen 

10,000 

16th Dec 

11 30 ajn 

24 hours 

trated erythrocyte sus 
pension (gronp O, type N) 

) 

. 1,302,000 

17(li Dee 

2 30 pjn 

61 hours 


1 1,165,000 

18(A Dee 




6 00 pjn 

78 hoars 


j 860,000 

19(A Dec 

12 30 pjn 

121 hours 


1 

^ 748,000 

21<t Dee 




10 0 a m 

167 hoars 


' 382,000 

22nd Dee 

6 0 pjn « 

100 hours 


; 200,000 

23rd Dee 

12 30 pjn 

217 hours 


1 ' 

1 120,000 

2ith Dee 

11 0 ajn 

0 days 


1 

1 

j 84»000 

26(& Dee 

11 days 


' 40,000 

30/A Dec j 

15 days 


1 34,000 

let Jan 1943 


SPLENECTOMY 

1 

Bth Jan 

Before 

Approx 600 cc of a | 

14,000 

6lh Jan 

1 day 

concentrated erythro 
cyte sospenaion (nonp } 

Ootypeil) ^ , 

I 

716,000 

Bth Jan 

3 days 


660,000 

IKA Jan 

6 da}8 

1 

420,000 

13(h Jan 

8 days 

' 

477 000 

16/A Jan 

11 da}s 


320,000 

18/A Jan 

13 days 


264,000 

10/A Jan 

23rd Jan 

3rd Feb 

13/A J^eb 

25 days 

IfOOO c c blood (sroup 

0, type N) 

j 

! 

962.000 

644.000 

15fh Jlfar 

65 days 

J 

641,000 

69,000 
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type was given on January the 19th Twenty-five dajs after this second 
transfusion there were found to he approximately 530,000 donor cells per 
c mm surviving which again indicated that destruction uas occurring much 
less rapidly than before splenectomy Fifty-five days after this last trans 
fusion there were no donor erythrocytes remauung in the patient’s 
circulation so that destruction was nevertheless far more rapid than normal 
Four months after spbneotomy the patient was very well and her Hb i aluo 
was found to be approximately 80% An estimation of osmotic fragility 
at this time gave the following results trace hmmolysis in 0 60% NaCl , 
50% lysis in 0 48% NaCl and 100% lysis in 0 42% NaCl 

She was seen once more in February, 1946, and appeared to be in good 
health The results of a blood examination were as follous BBC 
6,280,000 per c mm , Hb 92% , Hmt 46 0 , reticulocjjrtes less than 0 1% , 
Van den Bergh 0 16 mg per 100 c c Fragihty still mcreased (Table YIII) 


Case 39 Female, (M 0 ), aged 60 This patient had been attending 
hospital for many years with indefimte complamts In December, 1942, 
she started to become dyspnoeic In January, 1943, physical exammation 
revealed generalised pallor and splenomegaly and a blood oxammation 
showed R B C 1,260,000 per c mm , Hb 40% ,CIl4,MCD7 8/i, 
reticulocytes 40% , 7 nucleated R B C per 100 W B C Osmotic firagihty, 
trace hmmolysis in 0 72% Naa , 60% lysis m 0 47% NaCa , 100% m 

0 34% NaCl Serum bibaubm 1 6 mg per 100 o c , Sohumm’s test positive 
The blood showed no autoagglutmation at room temperature, (fairly strong 


lutoagglutination at 6®C) Group 0, Rh-J- 

The survival of transfused erythrocytes was estimated and found to 
be rapid, although not so rapid as in Cases 36-38 (Fig 7) The pation 

was advised to submit to splenectomy but deolmed 

In May, 1944, she was reported to be well , she exhibited no cluuca 
jaunL bS the spleen was jnst palpable B B C 6,000,000 per c mm . 

Febjwyf 194? she was seen once more and now aemod lo U 
oompWr~d She reported that ehe bed bad 9^" 

fragdlty of her erytbrooytee ™ p^taent eonveactcenl 

for expeiunental transfusion to a suitable reoipw J normol 

Lm iaetroctomy). and eho was *on fo“aTbo 

donora The enryivel of iiormal blood m 22 days 

normal for the time for which It tree o m coavalesccnt 

after tranefileron The “Xle dtStStTM^tSient, it, 9*% 
reoipiant wae also normal for th qiL.™ ohaerratlons provide very 

snrmval at 67 daye after transfnmon Them o^^_^ ^ 
strong evidence of a complete recovery ^ 

Summary of above four cases alw varymg degrees of 

rapid etomafton of the tranefnaed erythioeytee hut aleo varymB 
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curvature of the slope of ehmmation, a phenomenon first described by Brown 
and others (4) 

Two of the four cases underwent splenectomy , two months later both 
showed considerable clinical improvement with an mcrease m hsemoglobm 
levels and a reduced rate of destruction of transfused erythrocytes However, 
the osmotic fragihty of their erythrocytes was unchanged {see Table VIII) 
Two years later both had regamed good health and their blood values 
(mdudmg reticulocyte counts) had returned to normal However, the 
osmotic fragihty of their red ceUs, although less than previously, was still 
considerably greater than normal and, m the one case m which it was 
measured, the survival of transfused erythrocytes was still considerably 
diminished 


A third case appeared to recover completely without active treatment 

Despite the similarity of these cases with those of familial hscmolytic 
ansemia, the observation of a rapid ehmmation of transfused eiythrooytes 
from normal donors compared with a normal rate of elinunation m patients 
with familial hsemolytic ancemia, makes it certam that these are instances 
of a disease of different setiology 

Smce this paper was completed, it has been shown (3) that a distmction 
between these two diseases can also be made on serological grounds This 
new evidence, the evidence from the four cases presented here and the results 
of other previously unpublished work bearing on the distmction between the 
two types of acholuric jaundice are bemg summansed elsewhere (13) 

2 A further case of acquired hcemolytic anvemia {idiopathic type) 
This case is described separately because there were three features, namely 
the youth of the patient, the very small change m the osmotic fragility of 
the eiythrocytes and the failure to respond to splenectomy, which 
distmguished it from the cases in the group described above 


Case 40 The patient was a boy aged 14 who first became ill m 1939, 
when he had a mild attack of jaundice In 1941 he attended hospital again 
and gave a history of attacks of purpura and epistaxis extending over the 
previous 18-24 months On examination, his colour was normal, his 
spleen could not be palpated , a blood exammation showed R B C 
^200,000 per C mm , Hb 82o/, , Q I 0 79 , platelets 220,000 per c mm , 

Tn^ntes’ ® mmutes. coagulation time 

recovered from the attack and remamed well until 

He was adimtted to Hospital on 8th June, 1942, and found to have 
genCTahsed jaimdice, a^ an enlarged spleen and severe anaemia A blood 
exa^ation showed BBC 630,000 per cmm , Hb I50/ Hmt Ro/ 

some myelocytes and very numerous nucleated 
ythrocytes Osmotic fragihty very famt trace m 0 66% NaCl , 60% 



TABIiE Vm 


160 


>«: .u 

I I 

I S 


8 i. 

a -s’ 

^ I 

^ « 

e I? 


i U U 



^ o 1 CO 



uqUiL 

wmmst 



S 

III! 

'Sags 

CO o Eo^ 

« w tj 

d s 

O P4 
o 


0000000 ®®®’®° 


0 64 — — 00 70 troco 



















































































0 60 — 26— 45 I — — 4 — 7 trnco 











































162 


^OLLISON 


that the Hb value fell mpi^y aga^o^^ transfusion and it vas noted 
transfused erythrocytes wAsLtfmated of the 

mately two-thirds of the ^ ^ approxi- 

following transfusion (aee Slle°IX)° ehminated during the four days 

» wry large traneftBion had xa«d the L to 70% A Ser^’7”" 
wae given after the operation and it was fomd tat dS^l^r, 
proceedmg at about the same rate as before operation The notr t ,1 i 

S’hTfew *’”t B'ood e’sommrtiordarmg 

!ptent“ my “ Pnor ‘o 


TABLE IX 


Sui^ expertmema tn a ease (Case 40) ofxdxopathxc acquxred Immolyhc anamxa 


Date 

Tune after 
tronafuaions 

Details of transfusions 

Hb% 

Count of 
uncgglutinatod 
erythrocytes/ 
emm 

1042 

3rd July 

Before 

700 00 ofa concentrated erythrocyte 
suspension (group 0, type N) 

17 

41,000 


Immediately 

after 


44 

1,260,000 

4th July 

1 day 


40 

1,074,000 

1th July 

1th July 

4 days 

1,600 c c of a concentrated erythro 
oyte suspension (group 0, 

10 

402,000 

Sth July 


SPLENECTOMY 

600 ec ofa concentrated erythrocyte 
suspension (ON)-1-600 c c blood 
(0 MN) 



dth July 

1 day 

74 

1,360,000 

11th July 

3 days 


64 


13(7t July 

6 days 

660 CO of o concentrated erythro 
cyte suspension (0 MN) 


436,000 

10th July 

llih Jxtly 

i 

8 days 

1,000 c 0 of a concentrated erythro 
oyte suspension (0 MN) 

32 

366,000 

21«t July 

13 days 

1,000 0 c of a concentrated erythro 
oyte BuqienBion (0 MN) 


129,000 
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{b) Symptomatic types 


(1) Acquired hcemolytic ancemia associated with pregnancy 

Case 41 This patient, a woman of 22, was taken ill on March the 16th, 
1942, at the thirtieth week of her first pregnancy A rontine blood examma* 
tion at the third month of pregnancy had shown BBC 3,850,000 per 
c mm , Hb 82% She remamed perfectly fit nntil ten weeks before the expected 
date of delivery Then, however, she was suddenly taken ill with fever 
(T 104 6°F), achmg m the limbs and shght jaundice The jaundice faded 
but vomitmg developed and then persisted A week later the patient 
became very jaundiced and she was admitted to hospital Blood 
examination BBC 1,660,000 per c mm , BHb 34% , leucocytes 10,000 
Van den Bergh, direct positive On the following day a transfusion of 
500 c c of group 0 blood was given Nevertheless two days later the red 
cell count was only 1,740,000 per c .mm and the Hb 34% The urme was 
found to contain biluubm A second transfusion (1,000 c c group 0 blood) 
was given immediately Five days later the red cell count was 2,480,000 
per 0 mm and the Hb 52% After a fiirther five days no change m the 
blood picture was found and a third transfusion (1,000 c c group A blood) 
was given This raised the patient’s erythrocyte count to 3,230,000 per 
c mm and her Hb value to 70% 

The patient then returned home and remamed fairly well for the 
foUowmg two weeks At the end of that tune however she was re-adnntted 
to a nursmg homo with a recurrence of jaundice The 36th week of pregnancy 
had now been reached The results of a blood examination were as follows — 
BBC 1,420,000 per c mm , Hb 36% , M C V ll5y ? , reticulocytes 
5 8% , leucocytes 3,800 , Van den Bergh 4 3 mg per 100 c c (biphasic) , 
fragility normal , group A Bh + There was no autoagglutmation at room 
temperature 


During the next three days, two transfusions were given (750 c c 
group A blood and 600 c c group 0 concentrated erythrocytes suspension) 
Nevertheless, immediately after the second of these transfusions the patient’s 
red cell count was only 1,750,000 per c mm and her Hb value 38% 

On the foUowmg day. Caesarean section was performed and a healthy 
dehvered Immediately afterwards a further transfusion 
ot 1,600 cc blood (group A) was given to the mother Two days after 

2,950,000 per emm and the Hb 68% 
Thirteen dajre later the red cell count had fallen to 2,000,000 per c mm and 
the Hb to 42 ^ The erythrocytes transfused on April the 19th were now 

c^s had ^rcentage of reticulo- 

£ ^ ^ transfusion was given on the foUowmg 

TTif ’ j ^ concentrated erythrocyte suspension, group 0) The 
Hb was raised to 60% by this transfusion but the value feuS 640 / two 
e^hrocytes were elimmated almost as rapidty as ^ 
However, the Hb subsequently rose spontaneously and reached a vake of 
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It ^lU be now that m this ease the slope of elnmnation ass appro\i- 
mately linear (see Fig 8) 



Fig 8 Fig 9 

Fig 8 Survival of transfused erythrocytes in a case of acquired hiemolytic anaunm ossocintod 
with pregnancy (Case 41) 

Fig 9 Survival of transfused erythrocytes in a case of acquired htemolytio anionua associated 
with pulmonary tuberculosis (Case 42) 

TABLE X 

Sunnuil expenmenta «i a caae of acquired htcmolyhc antsmta asaoctated mth pregnancy 
, (<7a«e 41) 


Date 

Days after transfusion 

1942 

19/7t April 

Before 

19<A April 

Immediately after 

20th April 

1 

2Bth April 

6 

20th April 

10 

6th May 

IG 

6th May 

17 


Details of transfusion Unagglutmatod 

colls / c nun 

BOO 0 0 group 0 concentrated 10,000 

eiythrocyte suspension 

CAESAREAN SECTION 783,000 

820,000 

010,000 

466.000 

174.000 

106.000 


OthMay 900 oo group O coneen 
trated erj^hrooyte suspeu' 
Sion 

2 
14 



8lh May 
20th May 
2Bth May 


19 


1,247,000 

167,000 

95,000 
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I am mdebted to Dr E ff Creed, who made all the ohservations m this 
case, with the exception of the survival tests, and under whose care the 
patient remamed throughout her illness, for permission to report these results 

(2) Hcemolytic ancemta aaaoaated with ‘pulmonary tuberculosis 

Case 42 This patient, a woman aged 22, had very advanced bilateral 
pulmonary tuberculosis She developed a severe anaemia, but despite 
repeated transfusions her Hb remained low A blood exammation showed 
R B C 1,200,000 per c mm , Hb 26% , film, marked polychromasia 
Osmotic fragihty , trace haemolysis m 0 62% NaCl , 60% m 0 46% NaCl 
Plasma bihruhm 2 mg per 100 c c The patient’s blood group u as A, 
subgroup Aj, Rh+ The survival of transfused erythrocytes of group 
0 Bh+ was estimated and found to be very much reduced (Fig 9) It 
will be noted that the slope of elimination was curved 




Fjg 11 

(3) Hcemolytic anemia associated with severe acute osteomyditis 

Case 43 The patient was a woman aged 36, who had a past history of 

forSwiIU^dft exammations of the spXm 

for tu^refo bac^ had been negative and on clinical and radiological evidence 
bronchiectasis had been diagnosed In June, 1941, foUowmfan attack of 
antntis, she developed an empyema of the malillaiy antmm 
n^So emiSin osteomyehtis of the facial bones lulphapy- 

Approximate^ forty days later^he was rtiu'ans^c 
S^Bo/^m^nocyte^feo/^®" polymorphs 74%, lymphocytes 

normoblasts w^seL^t coltmr&^S 
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A Wood transfusion was given—approxunately 700 o c of a concentrated 
erythrocyte suspension prepared fcom blood stored for 48 hours m citrate 
glucose solution As seen in Ihg 10 elimination was rapid and the slope of 
elimination approximately Imear However, no deductions about the 
exact shape of the curve can safely be drawn as there was the foUomng 
evidence of a change m the rate of destruction The patient was transfused 
again fifty days after the first transfusion was given , by this tune sho was 
far worse, constantly pyrexial and semi-comatose There was evidence 
of a greatly increased rate of elimmation, for the count of donor erythrocytes 
feu from 1,366,000 c mm one day after transfusion to 724,000 emm seven 
days after transfusion 

The haemolytic process m this case does not seem likely to have been 
due to sulphapyridme Elimmation of transfused erythrocytes vas rapid 
durmg'the penod between forty and eighty days after the first course of 
sulphapyridme and the second course of sulphapyndme was only given one 
day before the survival test was completed 


(4) Hoemolytic anofma associated mth streptococcal septtcoeima and 

sulplionamide therapy 

Case 44 FoUowmg an abortion and a subsequent manual removal 
of an adherent placenta, the patient, a woman aged 22, developed 
streptococcal septicaemia despite the administration of snlphanilamido 
The course of events was as foUows — 


22nd March, 
1942 

23rd March 

24(A March to 
21th March 

21th March 

2Sih March 
29th March 
31«t March 

3rd Apnl to 
13th Apnl 

lAth Apnl 
13ih Apnl 


19th Apnl 


Admitted to hospital with a history of persistent uterine bleeding for the post 
two months 

Adliorent placenta removed manually 

18 grams sulphamlamide administered by mouth, tompertiture rose to 103'P 

BBC 2,620,000 c mm , Hb 66%, W B 0 1,600 c mm, polymorphs 77% , 
Ivmphoosrtes 23% 

Blood transfusion (600 c c , group 0) 

Blood culture token— hoemolytic stroptocooci grown 
BBC 2,800,000 c mm , Hb 60% , W B 0 6,800 c mm , 2 normobksU 
per 100 W B C 

Se^nd blood transfusion given (1,000 c o group O) 

Total of 66 grams of sulphapyndme odmmistored by moutU 


Transfusion of 1,080 o o group A blood 

BBC 2,690,000, Hb67%, reticulocytes 7% , MCV 

oontamed agglutinin active at 6®C but not at ’ 

fragility very slightly increased, viz , lysis began in 0 62 ^ BaU 

Evidence of toxio reaction to sulpha drugs, viz , rash on bodj and face, atdoma 
of eyelids, albununima 
Further progress, rapid recovery 


Estimates of the survival of group 0 erythrocytes were nwde from 
Apnl the 1st onwards , thus the combmed totab of the 
surviving from the transfusions given on March 28th and Marcli e 
were measured (Fig 11) For this reason, accurate determination oi 
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slope of elimination is impossible , however, it appears that the mam part 
of the slope was hnear The termmal curvature of the slope could be 
explamed by the disappearance of the erytlirooytes of the first transfusion 
at this stage or by the progressive improvement of the patient 


(6) Acute hoemolytic ancsma associated with chronic malaria {“ Blach-water- 

fever ”) 

Case 46 This patient, a young white adult, returned to England firom 
West A&ica m December, 1942 Whilst abroad he had had several attacks 
of malana He took quinme regularly durmg his ]Oumey home and after 
his arrival m England, but durmg the Christmas hohday his supply of tablets 
became exhausted and he developed an attack of malaria He was admitted 
to hospital and the admimstration of qumme was begun agam After 
48 hours he developed an acute attack of jaundice and hsemoglobmuna 
On exammation of a hlood fihn, one subtertian rmg was found Repeated 
transfosions were given together with large amounts of fimd and alkah by 
mouth The patient remamed very ill and continued to pass hsemoglobm 
m his urme for four days Thereafter recovery was rapid 

The followmg observations were made — 


Patienl'a blood group— A 


Date 

Days after transfusion 
of group 0 blood 

Patient’s 

Hb% 

1 

\ Donor erythrocytes 

1 c.mm 

1943 



1 

ith Jan 

Day of onset of bminoglobinuna 

04 

1 ~ 

4th Jan 

11 pm Transfusion of 1,000 


1 


c c group 0 blood 


1 

I 

Blh Jan 

11 30 ajm 1 

04 

1 739 000 

6/A Jan 

Transfusion of 1,000 c c group 

1 

A concentrated) erTtbrocyte suspension 

6/A Jan 

2 

68 

633,000 

0/A Jan 

Transfusion of 1,000 c c group 

A concentrated! 

1 

erythrocyte suspension 

Ith Jan 

3 

08 



Transfusion of 1,000 c c group 

A concentrated 

erythrocyte suspension 

8/A Jan 

4 

70 

444,000 


Hcemoglobinuna ceased 



13(h Jan 

0 

70 

408,000 

23rd Jan 

10 


388,000 

3rd Fth 

30 


218 000 
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TIius the rate of elimination of transfused erythrocytes was e\ttt)mel\ 
rapid during the period of haemoglobinnna but thereafter uas inthin tlio 
limits of normality Previous workers (11) fixim observations of a rapid 
fall in total red cell count after traiMfusion, have also reached the conclusion 
that normal cells, as well as the patient’s own cells, are destroj'ed rapidlj 
in black-water fever 


(6) Acquired hoemolytic ancemta associated with lymphadenoma 

Case 46 This patient, a male aged 20, had had lymphadeiioniatous 
glands for the past ten years During the last few months, observations 
had suggested that he had developed a hsemolytic ansemia, viz R B C 
2,080,000 , Hb 36% , reticulocytes 12% , osmotic fiugiljty shghtly 
increased The bone marrow showed an increase m erythroblastic activity 
There was an increased excretion of stercobilm m the stools 

A very large transfusion was given (2,000 c c of a concentrated 
er 3 rthrooyte suspension) Bapid elimmation of the transfused erythrocytes 
was observed , survival at one day 1,940,000/c mm , survival at 30 days, 
670,000/o n>Tn Insufficient estimates were made to decide mth certamty 
the character of the ehmination curve 


Case of tnereased rate of ehminatton of transfused erythrocytes due to Rh 

incompatahihty 

The usual conception of the fate of transfused erythrocytes after an 
incompatible transfusion is of a sudden massive destruction with resultant 
haemoglobmuna and jaundice It may not be generally appreciated «io 
ehmination of incompatible erythrocytes may be a gradual affiiir and that 
It IS always necessary to have incompatibility m mmd as a possible cause 
of an increased rate of elimination The following case is reported hero 
as an illustration of this pomt 

Case 47 The patient had had three previous normal children, in 1936 
1937, and 1939 At the time of the birth of the third tivo 

ante-partum haemorrhage and received a transfeion o 
donors On June the 2l8t, 1943, she gave birth to a 
appeared normal Following this delivery, she had a ve^ 
haemorrhage A blood transfusion was begun and, owing 

haemorrhage, very large quantities had to of sffl^ we”e transfused 

hours, nine pint bottles of blood and seven bottles of 

It proved impossible to test the blood of all these donom J , ^^y 

tha^oneofthL wasBhnegative It is. of course, probable that the ma, an y 

of the rest were Rh positive j nMamed. but nas 

ApretransfuBionswiipleoftherecipien 8 m 

not tested nntil the fonowmg morning It ™ eontomed eeok 

erythrocytes were group A, Bh neget™ olnened 

anti-Bh agglutmms In mow of this, the mien 
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It became sU^tly jamidiced 36 hours after the birth . blood examination 
showed a h«moglobm of 118% and only an occasional nucleated red cell 
m the peripheral blood The jaundice remained mild and had pmrticaUy 
disappeared by the end of a week The hamoglobm was then 132 ^ and 
no nucleated red cells could be found in the peripheral blood Throughout, 
the infant received no special treatment and appeared perfectly healthy 
Testmg of the mother’s blood with an anti-Bh serum showed that there 
was a large proportion of Rh positive cells present The count of group 0 
cells fell rapidly during the foUowmg twelve days (see Fig 12) , on the eighth 
day Rh positive cells could still be detected but by the twelfth day there 
was no longer any trace of them During the followmg 5 days there was 
only a shght fall m the number of surviving donor erythrocytes and it was 
evident that these were Rh negative cells, some of which, as mentioned 
above, are known to have been given 



Fig 12 Svirvival rate of a mixtoro of Rh-{- and Rh — (predommaiitly Rh-f-) erythrocytes in 
the circulation of an Rh — recipient sensitized to the Rh antigen (Case 47) ^ote steadv 
rapid elimination of Rh+ crvthrocytes, complete bv twelfth day after transfusion, 
thereafter sum\mg erythrocytes (all Rh-) only slowly eluninated. 

From the cluucal pomt of view the only sign suggestive of a haemolytic 
reaction was the steady fall m the patient’s haemoglobm value during the 
two weeks 

Wiener (29) has described many instances of this “ mapparent 
haemolysis ” but, so far as is known, no serial quantitative estimates of the 
rate of disappearance have previously been published 

Disoussioit 

It 15 clear that there are two mam kmds of heemolytic anaemia , (a) 
one m which not only the patient’s own erythrocjrtes but any erythroojftes 
mtroduced into his cuculation are destroyed at an mcreased rate , all the 
cases of acquired haemolytic anaemia so far mvestigated have been of tbm 
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kind , (b) those patients whose own erythrocjies, due to some defect, con- 
genital or acquired, are more rapidly destroyed than usual, hut in nliose 
circulation normal erythrocytes survive for a normal time , this group 
includes patients with familial hiemolytic anauma, nocturnal htemoglohmuna 
and pernicious ansemia 

X)ameshek and Schwartz (8) have shown that many of the features of 
haimolytic ansemia m man can be closely mimicked m animals by the 
mjection of immune hsemolytic sera If the acquired human cases are duo 
to the development of some hsemolytic antibody (3), it is clear from the 
results of the present survival experiments that this antibody is capable of 
actmg not merely upon the patient’s own erythrocytes but also on those 
&om normal donors 

The difference between the survival rate of transfused normal 
eiythrocjiies m fa Tmlial hiemolytic ansemia, on the one hand, and the 
four cases of idiopathic acquired hsemolytic ansemia, on the other, is 
particularly striking At first sight these latter cases closely resembled 
cases of familial hsemolytic anaemia, although more careful enquiry showed 
many of the differences first desenbed by Widal and his co-workers (27), 
such as the absence of a family history, the mcieased seventy of the patient’s 
illness, etc Nevertheless confusion between the two conditions may easily 
occur and a more definite means of differentiation should he of real clmical 
value Estimation of the survival time of normal erythrocytes appears to 
afford one certam means of distmguishmg the two conditions from one 


another 

Brown, Hayward, Powell and Witts (4) first caUed attention to the 
existence of two types of decay curve of transfused erythrocytes, namel), 
a linear curve, the most common finding, exphcable on the ® 

constant life of the erythrocyte, subject to little variation , ’ 

TcSvilmear slope associated with rapid ehmmation, seen f 
«,ncl.t.on8 inoludmg .d.op.th.0 

by them as an exponential curve mdiwtive of the ^ j^^ted 

dLtroying red cells independently of without 

the occurrence of occasional cases of an mere 
departure from lineanty 

The obeervataone m the second eeoton “f 

findmgs in that the majority of cases shape 

^hrocytes exhibited curves of approximately exponential P 

In view of the difficulties, pomted out in penod 

determmation of survival figures m the jaathematical nature 

and of the importance of this period m possibility of changes m 

of any departure from hneanty and m of study {see Case 43), 

the hmmolytic state of the ^,l,8e^ations m most of the cases, 

and finally, in view of the small number of ob 
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the author has not felt justified m proceeding further with the mathematical 
analysis of the present results 


SUMMABY 

(1) Normal survival of transfused erythrocytes has the followmg 
characteristics firstly, the number of erythrocytes survivmg is mversely 
proportional to the time smce transfusion, and secondly, elimmation is 
complete between the 90th and 130th days 

(2) This survival pattern was found when normal erythrocytes were 
transfused to one normal subject, three healthy convalescent subjects, ten 
out of eleven patients with varymg degrees of aneexma of hypochromic type, 
five patients with chrome septic conditions, two patients with a caremoma 
and one patient with nocturnal hsemoglobmuna 

(3) In famdial haemolytic anaemia, m which a normal survival pattern 
of normal erythrocytes is also found, the donor erythrocytes retam their 
normal fragihty whilst ciroulatmg m the patient’s bloodstream 

(4) By contrast with the findmg of a normal survival of normal 
erythrocytes m the above mentioned conditions, the survival of normal 
erythrocytes transfused to eleven patients with acquired haemolytic anaemia 
was grossly diminished m every instance, elimination sometimes bemg 
complete m five or six days In most of these cases, the elnnmation curves 
were not hnear but were of approximately exponential shape 

(6) The differential agglutmation method of estimatmg survival offers 
a means of distmguishmg cases of familial and acquired haemolytic anaemia 
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OLIGURIA AFTER ABORTION 


By J H HUMPHREY and F AI^BRY JOAUS 
{Central Middlesex County Hospital ) 


Thz war time studies of Bywaters (1), Darmady (2) and their colleagues 
have focussed attention on acute renal failure inth oliguna, which maj 
occur after limb-crnshing mjunes or after wounds from high explosive 
missiles In civilian practice, this complication may supenene in a \anctj 
of non-traumatic clmical states not pnmanly affectmg the renal tract, 
e g , mismatched blood transfusions, diabetic coma, concealed accidental 
hsemorrhage (3), prolonged labour (4), abortion (5), pylonc stenosis (6), 
infective hepatitis (7) and operations on the biliary tract (8) Due to proved 
symmetneal renal cortical necrosis, it has been reported with pneumonia, 
scarlet fever, diphtheria and even apparently in healthy subjects (9) 

The meagre pubhcations in renal failure compheatmg abortion have 
recently been reviewed by O’Sulhvan and Spitzer (5) and so far only nmeteen 
cases have been reported The history, routme mvestigations and chmcal 
picture excluded as far as possible the known causes* of ohguna after 
abortion other than a syndrome attributed to a septic abortion and 
symmetneal cortical necrosis of the kidneys 

The former syndrome, bnefly reported by Bratton (10), needs further 
study The kidneys m such cases show tubular changes with cellular 
necrosis and mterstitial oedema and polymorphonuclear leucocytic mfiltration 
They appear to correspond closely with the kidneys of soldiers dymg with 
ohguna after severe trauma, associated with sepsis and often with injury 
to a mam blood vessel Enquines ftom colleagues at other hospitals has 
shown that these cases are not too infrequent and a detailed study of them 
IS needed 

Symmetneal cortical necrosis of the kidney can occur with abortion, 
although it IS more common towards the end of pregnancy when it maj 
follow a concealed accidental haemorrhage Duff and More (11) m 1941 
reviewed 71 proved cases of cortical necrosis, 48 associated with pregnancy 


• Incompatible blood transfosions 
Hsmoglobmnna &om sensitivity to qninme 
Renal damage due to acetyl snlpbonamide ciystals 
Acnte nephritis 

Toxic nqihntis doe to ingested poisons 
Pyelonephntu 
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and 23 with severe infections Since then, further confirmed cases with 
pregnancy have been added by O’Sullivan and Spitzer (6) and Domach and 
Walker (12^) The clinical picture is one of profound oliguria or aiuina 
foHoiving abortion or premature labour, unth death usually occurring botucon 
the fourth and twelfth day, although survival until the 32nd day is reported 
The patients become increasingly rodematous , headache and vomiting arc 
troublesome symptoms , mental clarity is retamed, but the blood uroa 
nses to high levels The very scanty urme may be blood stamed at first 
There are records of eight patients diagnosed as symmotiical cortical 
necrosis with pregnancy, and who have recovered, but the diagnosis was 
substantiated in only one, who underwent decapsulation of the kidney 
The clmical picture in these cases corresponds closely with those wluch 
proved fatal (6, 13, 14, 16, 16, 17, 18) 

This paper describes the chmcal features and biochemical finduigs m 
four cases of acute renal failure after abortion They were admitted over a 
period of 20 months in a Department deahng with appro\imately 400 
aboitions annually These four cases were treated conservatively and all 
recovered Tliree of the patients were admitted wnth mcomplete abortions 
The fourth was diagnosed after admission with vomitmg Tliey had 
olitTiria persisting for 6, 10, 13 and 14 days after admission Durmg this 
time their blood urea rose to 366, 560, 400 and 304 mg per 100 c c 
respectively They were extremely ill, with troublesome vomitmg, but 
remained clear mentally After a spontaneous diuresis, the chmcal and 
biochemical picture rapidly improved, with complete recovery 


Tieatment 

It was planned to give at least 2,000 c c fluid daily by “i^uth per 
rectum or intravenously 600 c o normal salme was aUowed with further 
amoimts of sahne to cover quantitatively the loss of gastric 
In three out of the four cases, it was necessary to give 
Lei as Tper cent glucose in water or 6 per cent 
Altliough this amount of salme caused oedema, this was no oug i 
f: trfevel of potassium in the body flmds might 

Vomitmg was not discouraged except by Hj^ertomc solutions 

allowed a loss of potassium elucoseLs given mtravenously 

were given in two cases only ® that it tlirombosod the 

for a "short time m Case 1, but there was no 400 c o 

vems more quickly than a 6 Gluco^and lactose up 

4 7 per cent sodium sulphate before we s os and mcotmio acid 
to Lz daily were given by mouth drTp Ascorbic 

amide 200 mg were added occasionally diuretic effect was noted 

acid, 600 mg was also given at ^ j^ate 1 g 

from these vitamm supplements o ^ -gdium bicarbonate was given 
was given by mouth, but no intravenous sodium 
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Blood transfusioas, using fresh blood, and preferably red colls only, Tvere 
given after careful cross matching For preference Rh negative blood was 
used 
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pemciUm after a single injection stayed at a therapeutic level for fiie dajs, 
and this has been duacnssed in a previous note by one of us (19) Apart 
from a localised pelvic abscess due to Cl WeHchti m Case 3 the patients so 
treated were notably free of septic complications, such as skin lesions or 
bronchopneumonia 


Bioohemicai. findings 

All biochemical estimations and urme examinations were performed by 
one of us personally ( J H H ) 

The biochemical jtodmgs are set out graphically in Figs 1, 2, 3 and i 
The methods used, in estimations were those descnbed by Peters and Van 
Slyke (20) and by Kmg (21) In the mam, the three cases studied shoncd 
very ftiTmlar changes , Case 3 was mvestigated in greatest detail 

The chief mterest of the findmgs lies m the severe loss of renal function 
which they show, and in the large and abrupt departure from normal 
electrolyte concentrations which the body will tolerate without gross 
evidence of further tissue damage, or of mental changes, other than a 
peculiar ba tlflas anxiety Certam specific findmgs, however, are worthy of 
comment 


Water metabolism 

The patients were too ill to be weighed, but very careful mtako and 
output charts were kept, from which the amount of water retention was 
calculated It was assumed that the invisible loss of water by respiration 
and perspiration was 860 cc per 24 hours At the height of retention 
(12-18 litres) all three patients had conspicuous generalised oedema Ilioy 
drank well throughout and never showed visible perspiration, but wore no 


^“^^omerular filtrate volumes were calculated on the 

ceatmine is neither excreted nor absorbed by the renal « ^n 

ssumption is not strictly justified has been pomted out Shamon an 

mith (22), but the patients were in no condition for muhn 

nd the values calculated for oreatmme are probably fair approxim 


Urea and creatinine . 

The figeres call tor httle ^^^CperlCthod, wtaih 

the serum oreatmme was estimated by Folm ^ besides 

has been shown to estimate ^ destroy oreatmme, and 

creatimne Allmson (23) used a specific enzy^to deste 

obtamed values m normal gi;memlax filtrate 

those for apparent oreatmme In c^ g creatmme values were 2/3 of 
the assumption was made that the consistent m Case 1 with 

the apparent values— a correction which w gpjate 

the supposition that the urme was a glomerular 
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Fq 2. Bochetncal obsenstnns t\ Cask 2 


The voriations m the rate of increase and m the final blood nrea levels 
attained may be explamed partly by the observation that nrea is excreted 
in the vomit, as ■well as m sweat and unne, and that the amount of vonutmg 
dunng the early stages varied from patient to patient 

In Case 1, the urme for fourteen days was an almost unad-ulterated 
glomerular filtrate, and m Cases 2 and 3 there was evidence of only 2-4 fpld 
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Tij 3 Bochemisdl obscrMtJOns in Cut 3 


concentration by re-absorption of water, for jpenods of twelve and ten days 
lespectively 

Chlonde 

The plasma chlonde levels fell very low (normal values 660-G20 mg 
NaCl per 100 c c ), and yet the kidneys failed to retam chlorides a i lo 
to the dilution of the body fluids by retamed water, chlori c oss in 
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copious vomit of each patient must have been considerable In Case 3, 
on the only occasion when the &ee HCl m gastric ]mce was estimated, it 
was present m concentration 0 08 per cent at a tune when the plasma 
chlorides were 476 mg NaCl per 100 c c Loss m sweat and urme were 
relatively insignificant 

It IS apparent &om the curves that loss and partial restoration of power 
to retam chlorides and urea did not comcide m tune, snpportmg the conclusion 
which others have made, that the mechanisms for dealing with the two 
substances are not identical 


PotasBium 

Although three patients showed a rise m serum K to levels of 20 5, 
27 5 and 42 5 mg per 100 c c , only m Case 3 was the nse suf5cient to cause 
alarm Potassium liberated by endogenous cellular breakdown was m part 
diluted by retamed water, but Case 3 (alone of the four) was given dnnlrR 
flavoured with synthetic flavourings instead of plam lactose np d Rnlmp 
Analysis of these frmt dnnks, diluted as for use, revealed a potassium content 
of 8-11 mg K per 100 c c Their use was stopped immediately, but not 
before a remarkable electrocardiographic picture had been obtamed at a 
tune when the serum K was 40 0 and the Ca concentration 6 0 mg per 
100 c c (Fig 6) 

Three analyses for K m neutralised vonut showed values only shghtly 
lower than the serum levels at the tune, and vomitmg may be of considerable 
importance as a means of elumnatmg potassium from the body when the 
kidney fails 


Sodium 


Serum sodium levels varied less than those of other electrolytes The 
values tended to bo high (normal 325-360 mg per 100 c c ) 

Tentative calculations of serum sodium on admission, after allowmg 
for salts admmistered, were made on the assumption that sodium was 
distributed throughout the extracellular water They also are high 


Calcium and phosphorus 

These wore only studied fuUy m Case 3 As morgamc phosphorus 
values rose, those for calcium fell, reachmg the low level of 5 8- mg per 100 
c c Smgle high values for morgamc P were found m Case 2, and aU three 
cases were presimably similar Smce no phosphate was mgested durmg 

the penod of ohguria, the raised values must have been solely due to 
endogenous hberation ^ ^ 


Despite the low Ca values, none of the patients showed sums of tetanv 
nor oflntent tetany li. „t tho fact that aamm protenta^ n“S 
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Plaama htcarhonaU 

All estimations of the alkali reserve made during the period of ohgurw 
(the earliest bding four days after onset) showed marked depletion, and j'ct, 
except for transient episodes in Case 3, there was no marked hyporpnoca 
Even these, transient episodes may have been due rather to the gross anoimm, 
and it seems likely that the pH of the blood was not much altered from normal 

Inorganic sylphur 

In Case 3, morgamo sulphate sulphur was estimated by Hubbard’s 
colorimetric method (20) after two or three-fold dilution of the serum to 
avoid precipitation of benzidme by excess of phosphate The highest 
value reached, 36 mg per 100 c c , is notable Inorgamc sulphin is not 
known to be stored nor metabolised m the body, and under the conditions 
of Case 3, it must have been derived from endogenous protem breakdown only 
Between the third and fifteenth days, the plasma values rose steadily from 
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of body weight), and assummg that all retamed nma was ^ 

the net production of inorgamc ^ ^.^ntam approMmatoly 

0 67 g per diem Hmmm body pmteme gen^% 

1 per cent of eelpbur, end the endogenone protem breeMorm 

been at least 57 g per diem mTidovenous protem breakdown 

It IS interestmg to compare tins figme f g 

„th that derived torn the veluee for reee steedd, 

period tn.o to ten day after ^'^rtion j^,*^ ^Iption is made that 
from 176 to 660 mg pei 100 c c ^ (calculated uutially as 

urea was distributed ^ W 

70 per cent of body weight), and the net m pd protem per diem 

23 6 g per diem This corresponds to approxima y 
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Uric acid 

The values m Case 3 trere not particularly high although they reached 
three tunes normal (Fig 4) The rate of endogenous production of unc 
acid is 0 3-0 4 g per ^em m adults (24) On the assumption that unc acid 
IS freely diffusible throughout the body •vrater it can be calculated that the 
unc acid concentration m the blood should increase by approximately 1 mg 
per 100 c c per diem The observed rate was only l/3rd of tbis Loss 
m the vomit was not mvestigated 

Acid-base balance 

Only for Case 3 were sufficient data accumulated to allow calculation 
of the electrolyte balance The results are set out below, expressed as 
mille-eqmvalents per litre 



Fig 5 Eleclrocandiogram Case 3 taken when Serum K 
was 40 mg per lOOcc and Serum Ca 6 Omg per lOOcc. 


Cave 3 {MiUe equivalents per litre) 
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for plasma at pH 7 4 (20) 

Anions (mille eqmv per 1) = Cl -f 1 8 x P 04 -f 2 x SO^ 

(MiUe equiv per 1) 

+ 0 28 X alb -f 0 193 x glob 
(g per 100 c c ) 
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The fluctuation in the difference between the sums of the cations and 
the anions is plainly due to the fluctuation in the sodium concentration 
Nevertheless, there is an ahnonpally large deficit of anions during the 
period of ohguria and of early recovery, which must be accounted for bj 
acids other than those estimated Negative Rothera and feme clilondo 
tests were obtained in Case 3 on two occasions during the period of oliguria 
We are left therefore, without any mdieation of the nature of the acids 
involved 


Urine 

The appearance of cells and casts in the unne is shown for each case 
separately on the charts The similarity between them is stiikmg Red 
cells and leucocytes, in number sufficient to make the urme cloudy but not 
smoky appeared from the onset, before the urme became heavily laden inth 
bacteria, as were all later samples • Next came scanty pigment masses 
(in Cases 1 and 2 only), and then, just before the urme flow began to increase, 
dame scanty granular casts, followed closely by red cell casts Although 
the urine durmg the period of ohguria oontamed up to 1 per cent protein, 
the piotein content was very greatly dimimshed simultaneously wth the 
re-estabhshment of urme flow 

Serum and. urme from Oases 1 and 2 were exammed spectroscopically 

byDr E G By waters, who did not report any abnormal pigment present 


Discussion 

Incompatible blood transfusion was ruled out by careful 
Cases 1 2 Ld 3 Since all foui patients were Rhesus positive, since three 

of them’ had had no P--™— ^ 

in Case 2 only, but cystoscopy did not reveal any crys 

blockage a ntilboestrol had been taken m 

'Abortifacients were denied m Case 4, stdbo 

Case 1 and the remaining two bad used douchmg only q 

been taken , imnrobable causes, judging 

Arate nephritis, and pyelonephntis. were mproeam 

by the cluiical condition and history o e es appears to Jiavo 

01 Welohn ima imleted from Case 3, 

been locfthsod The amount of absorption of Cl 

(Appends. Case 3) aa almost to pieelnde sigmSeont 

Welohn tomn ortraots hare been prepared 

Antibodies against ^f^.^g^,treptocoeei as adjuvants. 

expenmontoUy m rata by Oavelti (28). umg r nephntis Wo 

Ld the appearance of 

tested the sera of patient 1 and 3 taken early durmg P 
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and during convalescence for antibodies against a 20 per cent suspension of 
&esh human kidney Although we used a dehcate complement fixation 
techmque, no specific antibodies were detected 

The biochemical findings were consistent enough to be used as an 
indication of the pathological processes at work in the kidney Prom the 
biochemical data, it is obvious that glomerular and tubular function were 
equally, and almost wholly, suppressed, and that there was no rise m 
mtraglomerular pressure The temporary nature of the protemuna and the 
transient passage only of tubular cell casts suggest that there was no special 
toxic effect on the tubule, such as poisonmg with heavy metal salts may 
produce It also suggests that anoxia, if it occurred, was not sufficient 
m degree to cause any considerable immediate degree of cell necrosis The 
whole picture is much more consistent mth a temporary great reduction m 
fiow of blood through the afferent arterioles, so that the mtraglomerular 
pressure was too low to permit glomerular filtration, but that sufficient 
oxygen rvas available to prevent autolysis of the tubular and glomerular 
cells This reduction seems to be most readily explamed by spasm with or 
without thrombosis of the afferent small arteries and arterioles Prolonged 
spasm would undoubtedly lead to thrombosis, and the re-estabhshment of 
unne flow would require the gradual re-canalisation of the thrombosed 
vessels, as well as relaxation of residual spasm 

The underlying pathological process is uncertam, but the most probable 
is that whose end-result is foxmd m persons dymg with symmetrica] renal 
cortical necrosis Although the «tioIogy of this condition is not proven, 
a clue may be found m the work of Barclay, Trueta, Daniel, Pranklm and 
Pntchard (26), who studied the effect of a tourniquet apphed to the mtact 
hmd limb of rabbits They have demonstrated a narrowmg of the renal 
arteiy, greatly reduced renal cortical blood flow and a shunt of blood through 
the vessels m the medulla Simflar effects are claimed to be produced by 
“ appropriate nerve stimulation,” and the possibihty appears of a conceptual 
unity of the renal comphcations of hsemorrhage, trauma and abortion 
Direct arteno-venous shunts m the renal cortico-meduUary zone have been 
demonstrated by Shonyo and Mann (27) m rats, gumea pigs, dogs, cats and 
chickens and the requisite anatomical pattern thus appears to be widely 
found Prolonged cortical ischsemia of this type, if it occurs m man, as 
the phenomena of reflex anuna suggests it may, might well cause ohguna 
and lead to thrombosis m the afferent glomerular arterioles and subsequent 
cortical necrosis Ifi association with septicsemia, death might result before 
thrombosis had occurred, and the histological picture described by Brattan 
(10) bo produced Even assummg, however, that this is the physiological 
mechanism, the trigger factors m these cases remam obscure None had 
unduly severe circulatory collapse, though all had lost at least 1,500 c c 
of blood The degree of blood loss, together with fear and pam m a’particu- 
larly susceptible individual might be sufficient to set off such a reflex vascular 
constriction and cause partial renal anoxia 
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SUMMAEY 

Foxir cases of extreme oliguria after abortion are described Obgum 
persisted from ten to fourteen days, and the blood urea rose to 350-660 ing 
per 100 c 0 and fell to normal after a diuresis had occurred spontaneously 
The patients were treated conservatively and all recovered 

Detailed biochemical observations have been made, from which the 
glomerular liltration rate and the endogenous protem breakdown have boon 
calculated The very marked deviations from normal electrolyte content 
of the blood are discussed 

Serological exammations gave no clue to the aetiology of the condition 

APPENDIX 
Cast raporta 


Oaae 1 (M 6933) Aged 31 Single 

Admitted with moomplete abortion at the sixteenth week She had had 27 eigoapiol 
tablets at the time of the second missed period and an m^own amomt of atiwmairoi, after tlio 
third missed period On admission, sho was very pale, the hmmoglobin was 6 2 g per lOD c c 
A W<^ teamfusion was given and tlie uterus was tlien evacuated under general ^sthoMa, 
mmg pontothal and cyclopropane There was no urine in the bladder twelve hours after 

admission , m, , i i 

S” 'IT 

five days later Her c C>d t^sfuaion was given The blood 

SrolSJied“tSai Jig^t bit the uroa clearance was only 30 per cent on leaving hospital 

Two years later her ge^rol h^lth was "’^Uroaettn^ 

SW^lll^n\^‘^^’^t5venous7^ ^ concentration of dye in the 

pelvis of the kidney 

(Jose 2 (M6761) Aged 37 She had been douching herself for two montlis 

Admitted witli a efx hoS previouslj^ X had had sovote pom, 

but had not token nay ^as passed Onldmission, she appeared ill 

followed by heavy bleeding and &o f®tus was htomoglobm was 10 0 g per 100 cc 

'» »d0, - 

cystoscopy and ureteric catherisation hlesome hiccough, and intravenous fluids weir 

eftrom^U with PW^^tent voxmtog^d a teoubj^oi^ hmeoug^^ transfusion of 640 oc 
ffiven She romained mentally clear, but rower ^wsy By the fourtwath 

on the ninth day when her JfJS , blold pressure was 126/80 nun Hg 

day sho was very mdematous , P pgj j, ^ A. diuresis then occurred , 

).,i>oglobm 1 0 g X 10» ° Vo?rtS^.MO ?? S ™o«,.ve Her «1™‘ 

Kr“^S2 .mpVevk b«6 her l,.megleto re«..™d >ew »d eh. 8™ 
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concentiated red blood cells two weeks later Her subsequent progress was entirely satisfactory 
and her bIood*urea fell to 40 mg per 100 c c 

Twenty two months later, her health was good, periods regular and there was no nycturia 
Blood pressure was 120/70 mtn Hg no protemuna , blood urea 40 mg per 100 c c urea clear 
ance test 65 per cent of average normal 


Case 3 (O 3041) Mamed Aged 24 

One child aged 3} Adimtted with incomplete abortion at the sixteenth week She had 
been douching herself with soap and Oettol for two months but had not taken an> abortifacients 
Bleedmg began the mght before admission and she had lower abdominal colic with continuous 
\omitmg, and the foetus was passed before admission. 


On ezammation, she was very pals, still losing her vaginam and the right lower quadrant 
of the abdomen was tender and rigid She was given 1,080 c c blood, and the uterus was 
evacuated under general anssthesia six hours later Ko nnne was passed on the day of 
admission and only 160 c c the following day The ohgnna persisted for thirteen days and 
dunng this time she secreted only 1,360 c c of nnne Her blood urea rose to 400 mg per 100 c c 
She had troublesome vomitmg bnngmg up small quantities at a time She was given 2,000 c-c 
fluid daily by mouth as lactose fruit dnnks, end also 1,000 c c 6 per cent dextrose salme at mterv als 
to cover the loss of sodium by vomiting By the thirteenth day she was moderately cedematous, 
V cry pale and her hscmoglobm was only 6 5 g per 100 c c Her breathmg had increased m 
rate and de^h Her pulse had become irregul^ on the previous day , blood pressure was 
160/65 mm Hg An electrocardiogram showed absent P waves and extremely large T waves 
in Leads I and II (Fig 6) The blood urea was 400 mg per 100 c e , 4enim calcium C 0 mg 
per 100 c c but there was no latent tetany , serum potassium 42 6 mg per 100 c c 

In view of the anssmia and her extremely lU condition, she was given a further blood 
transfusion of 640 c c followed by 2 000 c c 6 per cent dextrose salme and 10 c c 10 per cent 
calcium gluconate The same day a diuresis began, and she passed 436 c c and 1,500 c c the 
next day and, withm a few days, she was passmg 2 700 c c daily In spite of the diuresis, her 
general condition remamed extremely poor her abdomen was rather distended and there was 
a tender mass m the right ihao fossa She had a low grade fever and diarrhcea and her 
hiemoglobm fell agom and further transfusions were given After three weeks, a colpotomy was 
^rformed and a laige amount of stmkmg pus was dramed Cl Wtlehxx was isolated from the 
dischaige 

From then onwards her condition rapidly improved her bsemoglobm rose to 10 0 g per 
100 CO her blood urea fell to 47 mg per 100 cc and she was discharged home Three months 
latter her blood urea was 42 mg per 100 c c , her urea clearance tost 66 per cent of normal and 
there waam proteinuria An mtravenous pyelogram showed very poor concentration by either 
kidney The outime of the calyces on the right side was just visible after 30 inmates, and thev 
appeared normal ■’ 


BlTCd serum taken two vreoks after dischargo was kmdly assayed at the Lister Institute of 
Proventivo Medicme for antibody content to Cl Weldm, a — toxm ( oc — lecithmase) The 
serum contamed less than 0 01 egg imits of antitoxm ' 


Case 4 (N 1370) Smglo Aged 31 

vomit^^Rh!, vomit^ and sent mto hospital as blood had been seen m the 

\omitus She had been losing heavily for one week but she had not missed a nenod Her 

lOoTe “°“on 7 7 g per 100 o c blood urea 285 mg per 

fomd to have an mcomplete abortion and the nte^ was 
‘ ^ ansesthesia The uterus corresponded with an eieht weeks 

profane} Oliguna was noted and she passed 460 c c 160 c c 660 c c 690 r o m emf a #>#• « 

day “ft" (th^Ln dayslJ^er tht 

I she passed 1,660 c c of urme, and thereafter had an excellmt diuresis 

5o 6 Z ~r c ^ before admission ^e S^fZ^o 

piessS^To/^O P«"°ds “gular, no nyctuna, blood 

normal There ^ no p^tZZ^^ 100 c c . urea clearance test 76 per cent of 
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EFFECTS OF OXYGEN, VENESECTION AND DIGITALIS IN 
CHRONIC HEART FAILURE FROM DISEASE OF THE LUNGS 


By SHEILA HOWARTH, J McjVHCHAEL and 
E P SHARPEY-SCHAFER * 

{Department of Medicine, British Postgraduate Medical School ) 


Phevious studies on cases of congestive heart failure due to h 3 T)erten 8 ive, 
ischsemic and valvular heart disease showed that the resting cardiac output 
was reduced when the venous filling pressure was conspicuously increased 
above normal It was further shown that cardiac output increased when 
the initial high venous filling pressure was lowered by intravenous digoxin (8) 
or by venesection (6) The present paper reports observations on cardiac 
output and filhng pressure in cases of congestive heart failure associated 
with emph 3 r 8 eina and other chronic diseases of the lungs 


Methods and material 


Right auricular pressure and cardiac output were measured by cardiac 
cathetensation (7) Mean right ventricular pressure measured manometne- 
ally by cathetensation is expressed as cm of sahne above the nght auricular 
pressure The normal mean nght ventricular pressure, measured m the 
same way, is 10 to 16 cm The observations were made with the patient’s 
trunk elevated 46° The normal nght auncular pressure is about — 7 cm 
(sternal angle = 0) in this position, but in cases of emphysema without 
heart failure we have usually found the pressure to be about — 10 cm due 
perhaps to alteration of the position of the heart in relation to the sternal 
angle Artenal samples were obtamed from the brachial or femoral artery 
Auncular samples were taken immediately after each artenal sample, smee 
some cases showed spontaneous vanation of artenal oxygen saturation 
Venesection was performed in 6 to 10 minutes and the data given m Table TTT 
uero obtamed immediately after venesection was finished Intravenous 
digoxm u as given m 1 6 mg doses and* the results observed for >in1f to three- 
quarters of an hour Climcal matenal is shown in the appendix 


vro S ® “ personal grant from the Medical Research Connea, whom 
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The cases consisted for the most part of patients r\ith chrome bronchitis 
and emphysema Patients present similar circulatory sequclro with 
' silicosis, pulmonary oarcmomatosis (4) and kyphosis (2), and one example 
of each is included 


TABLE I 


Case ' Ref No lAgeandSev 


1 

2 

3 

4 

6 a 

6 

7 

8 
6 
10 


Arterial 
oxjgen 
aatura 
tion % 


5 44 
8161 
8123 
8131 
8143 
69 
5 27 
8 159 

8 70 

9 60 


31 69 

M 31 
31 42 
M 62 
F 54 
M 66 
M 61 
F 30 
31 66 
31 30 


•4- 


auricular 
pressure 
cm salme 
above 
atemal 
angle 


33 
66 
42 
67 5 
61 
67 
76 
72 
48 5 
70 


Cardiac 

output 

L 

perimn 


Heart I Blood 
rate ' pressure 
* mm Hg 


l*Mcon riplit 




I _ ,\enln«i}ar 
pressure 
cm saline 
nbo\o 
‘ nuncolnr 
j pressure 


I 


11 ' 

90 

31 

65 

68 

1 

\ 

12 1 

6 131 

31 48 

C 

69 

13 

0 25 

M 44 

55 

14 

5 24 

31 

60 

66 

t 

16 

7 143 

31 

51 

i 61 ! 

1 

5 b 

7 81 

F 

64 

71 

16 

611 

F 

65 

46 

17 

9 67 

31 

66 

77 


iGROHB A 
4-10 
4-16 
4 - 5 
4 - 6 
4-14 6 
4-25 
6 

— 36 
-f 86 
4-56 
4-15 


4-14 5 
4-11 
4-05 
4-13 
4-1 

4 - eo 

4 - 86 


69 
84 
6 65 
66 

9 65 
6 85 
6 46 
6 05 
00 
92 

10 0 


36 

37 
34 
46 
50 
41 

38 


no ' nsj-io 1 — 

* 1 

100 1 140/92 I 40 

104 1 118/09 ' - 

' \ 

104 I 150/42 t — 


118 /t 
132/85 
118/05 
90 1 138/86 
102 1 98/60 


128 

92 

104 


114 

94 


132/70 

160/70 




37 

24 

32 

30 


104 

90 

120 

104 

108 

120 

88 


66 /* 

66/46 

62/35 

60/* 

85/60 

60/T 

76/7 


21 


23 
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Results 

» 

Initial data are shown in Table I Cases are divided into two groups, 
(A) with systolic blood pressure greater than 90 mm Hg , (B) with systolic 
blood pressure less than 90 mm Hg Arterial saturation was recorded as 
low as 33 per cent m one case and below 60 per cent in 3 cases, mthout 
loss of consciousness or, in 2 of these cases, a fall m blood pressure Bight 
auricular pressure was mcreased m aE cases, m some to high levels In 
group (A) cardiac output was mcreased , m group (B) it was decreased or 
normal The heart rate was usually moderately mcreased Mean right 
ventricular pressure was mcreased m the cases m which it was measured 



F.g 1 Cat, 2 Bleeding causes a faUmnghtaunindar pressure and a fBUm cardiac output 


Fig 



„ „ght .pj . 
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Effects of oxygen admimstration (Table 11) Arterial oxygen saturation 
ncreased m every case, in 3 to normal levels Eight auricular pressure 
ihoTced no constant change, nsmg in 2 cases, falling in 2, and showing httle 
ihange m the other 2 Cardiac output decreased in aU except one case 
Blood pressure mcreased 

Effects of venesection Eour observations in 3 cases are shown m 
Table HI, and an example m Fig 1 Arterial oxygen saturation showed a 
small mcrease m 2 and a decrease m one observation These changes are 
probably not the result of venesection but of spontaneous fluctuations 
Eight auricular pressure fell m every ease Cardiac output decreased m 
3 of the observations In Case 3, cardiac output mcreased nhen the 



Fig 3 This chort shows relationship between systolic blood pressure nad stroke output 


procedure was repeated three weeks later Durmg this penod the patient 
had been severely ill and showed clinical deterioration There was httle 
significant change in heart rate on venesection Blood pressure feU sliehtlv 
in 3 of the observations ° ^ 


Effect of intravenous digoxin (1 5 mg ) Eesults are shown m Table in 
and an example m Fig 2 There was no significant change m arterial 
oxygen saturation Bight auricular pressure fell in every case In 3 of 
the 5 eases cardiac output decreased In Case 13, cardiac output showed 
a conspicuous mcrease, and simultaneously the mean right ventricular 
press^ increased from +21 6 cm to +63 cm This case was severely ill 
and had shoTO only a small nse of blood pressure in an oxygen tent (Table 
11) Case 1(, whose mitial blood pressure was also low, showed a 
rise of output and blood pressure after digitalis There was no significant 
change m heart rate 
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DisotrssioN 


^ TJie results indicate that the responses of Group A are different from 
those in heart failure due to hypertensive, ischtemic and valvular heart 
disease First, cardiac output is increased instead of decreased This has 
been previously recorded briefly by McMichael and Shaipey-Sohafer (8) and 
by Richards (10) Secondly, the usual response to a fall of venous filling 
pressure &oni venesection or digitalis is a decrease in cardiac output instead 
of the usual increase observed in cases of low output heart failure uith an 
initially high venous pressure (8, 5) In severe an»mia the oxygen carT}'ing 
power of the artenal blood is reduced while cardiac output is increasod ns 
a result of a raised venous filling ihessure and moderate increase in heart 
rate (12) Somewhat analogous conditions are found in Group A available 
artenal oxygen is reduced, while a high cardiac output is maintamed by nn 
increased filling pressure and moderate increase m rate In severe antenna 
the usual response to a fall of venous pressure is a fall in cardiac output, 
and a rise of venous pressure also leads to a fall (13) For obvious reasons, 
data on the effect of raising venous pressure still further are not available 
m cases of heart failure from emphysema, but the effects of lowermg venous 
pressure resemble those in anaemia It is suggested that the usual status of 
the two conditions on Starhng’s venous fiUmg pressure-cardiac output curve is 
similar (6) Rarely, the heart in severe cases of anaemia and emphysema 
lies on the overloaded pr fallmg part of the curve 


Group B, with low blood pressure, represent a terminal phase, and 
clinical experience of a number of other cases m this phase has shown that 
death will follow m a few houra if no treatment is given, and that only a 
few cases will respond favourably to treatment Fig 3 shows that the Ion 
arterial pressure is largely detemuned by a low output which has presumably 
fallen fix>m a previously higher level 

The data reported m this paper are limited to cases with raised right 
auricular pressures , observations on earlier cases may help to show tic 
relative importance of the parts played by a rise of pulmomry “jtoria 
pressure and a fallmg artenal oxygen saturation m the production of nght 
heart failure m chronic bronchitis and emphysema An impor a 
contribution to the problem of right ventricular hypertrophy m cor p i 

has recently been made by Bloomfield and others (1) who have 
in emphysema, before the development of heart fe He 

s 3 ^tolio pressure nses from a normal of 18 to 30 mm Hg j j the 

No further mcreases in pulmonary artenal pressure were 
presence of failure Other forms of heart failure ^ s^s 

ischtemic heart disease and syphilitio 

or even higher, pulmonary artenal pressures (up to S 

of mitral stenosis), particularly when failure was pmsen ^^med 

It IS of mterest that consciousness and blood ^ gO r cent , 

ui these cases at levels of artenal oxygen saturation below 50 per 
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since acute reduction of artenal oxygen saturation in normal subjects below 
60 per cent results in unconsciousness and, if prolonged, m death A slow 
process of tissue adaptation may be mvolved 

Occasional enlargement of the left ventricle m heart failure from 
emphysema has been found at post mortem (3, 11) Parkinson and Hoyle (9) 
considered such enlargement to be due to pre-existmg hypertension The 
dndmg of an mcreased cardiac output makes it possible that some cases of 
left ventricular enlargement result from a chrome increase m cardiac work 
The mcrease m work of the heart as a whole may be a contributmg factor 
m the development of the termmal pulmonary oedema whiob is sometimes 
observed, and is a frequent occurrence m the similar condition of fatal 
ansenua 


Pradtcal constderattons The observations mdicate that raised venous 
pressure and increased cardiac output are to be regarded as compensatory 
phenomena and that harm is likely to result &om lowenng venous pressure 
and output In the past we have observed cases who showed rapid 
deterioration foUowiug venesection or digitalisation Although many 
authors advise these therapeutic measures in heart failure fiom emphysema 
(6, 16), others such as WoUheim (16) were of the opmion that they were of 
no value Venesection is often temptmg because of the “congested” 
appearance of these patients, and the ease of withdrawing blood Although 
thepatientmay appear less cyanotic at the end of venesection, this is probably 
duo to constnctioii of the small vessels of the skm, since measurement of 
artenal oxygen saturation shows no change Digitalis might, however, be 
used m those rarer severe cases when the response of the heart indicates 
that it IS on the falhng or overloaded part of Starhng’s curve Unfortunately 
actual measurements of cardiac output are necessary to establish 
Temporary lowenng of venous pressure by venous tourniquets on the legs 
may give the required information Digitalis might also be given for its 
blood pressure raising action in cases where low blood pressure is not 
sufficiently restored by giving oxygon 


The measure of greatest immediate value is the administration of 
oxygen The nse of blood pressure and shght fall of cardiac output indicates 
an mcrease in total penpheral resistance presumably due to artenolar 
vasoconstnction We have mamtained cases in an oxygen tent for more 
than a month, and if there is some other factor such as an exacerbation of 
respiratory mfeotion which can improve, then there is a chance that life 
may be prolonged Another procedure that seems to be of value is reduction 
of thj^id activity with thiouracil (14) In a few cases artenal oxygen 
saturation may nse to a considerably higher level, though remaimng sub- 
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Sttmmaby 

3 othBi oMes of oteomo 14 casM of ompliyMina anii 

The eases faU into two groups ^ A with noiS^l”®i‘'"‘”™“'”l’“™™ 
...tohc hlooa pressure 

deoreased ^Mean nghtrouteSr ® "® '“'“'■j 

»»es ui which It «“oLTiru.r sTrr ■" ?'/ ^ 

rmj explain oeoasioual examples of left ventricular eZ^lf" 

3 Artenal oxygen saturations below 60 ner cent 


mtroL pleasure was lowered by Tenesection or 

intravenous digoxin, cardiac output usually fell In 3 severe cases cartlino 
output increased The blood pressure may rise after digoxTalS b 
cardiac output decieases *“w'ovgn 


5 Group A cases differ from cases of low output heart failure 
(hypertensive, laohsemic and valvular heart disease) in that resting output 
w increased and the response to a fall of venous filling pressure is usually a 
decrease in cardiac output In these responses they are similar to cases of 
severe anaemia Therapeutic measures which lower venous pressure 
(venesection and digitalisation) are theiofore usually harmful Prolonged 
803 oum in an oxygen tent, treatment of any respiratory infection, and 
depression of thyroid activity by thiouracil are the measures most hkoly te 
prolong life 


APPENDIX 

SR = sinus rhytlun VoUageofP wovomLeodllisgiioninxttv TholuorwaspslpsUo 
m all COSOS All cases exammed at post mortem (eM«^t Case 16) sboarod bjportrophj and 
dilatation of the right ventricle, and enlaigoment of the right auricle 

Case 1 Male, aged Ofl Winter brondatis 20 years Dyiqinteo 0 years Oedema 4 
montlis Cyanosis, mdema and osoites E C 6 SR Right aais shift ST, depressed 
PjOl mv Death 8 hours later Post mortem heart weight 470 g Loft ventricle sltglil 
hypertrophy Lungs emphysema 

Oaae 2 Male, aged 31 Asthma and bronchitis since infancy Oedtannlycar Cionosw, 
oedema and ascites E C G SR, later paroxysmal ventricular tachycardia, right nsis shift, 
low voltage Pj 0 3 mx X ray pulmonary arteries enlarged Conus prominent CoiisicfcniWo 
enlaigeanent of heart Blood BBC 6,200,000 per omm Hb 93% No improxcment 
after bed rest and mercurial diuretics Venous pressure normal after thiouracii Nine months 
later working, venous pressure normal, arterial oxygen saturation 84% 

Case 3 Male, aged 42 Chronic bronchitis and asthma 10 years Cyanosed, 
forgetful 1 year Deep cyanosis, oedema and ascites Vital capacity 1,100 o c E C G S It 
Right axis shift ST, depressed P, 0 2B m\ X ray pulmonary arteries enlarged , 

moderate enlargement Blood RBO 6,300,000 per emm Hb 93%' Nitrous fitnaoi 
hmmorrhages PapiUoedema developing later CSF Pressure greater than 300 mm ixo 
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unpro\ ement from oxygen and thiouracil Death after 2 months Postmortem heart weight 
440 g Left ventricle normaL Lungs emphysema, shght atheroma of pnlmonarv artery 
intimal thickening of small branches of pulmonarv arterv 

Cate 4 Male, aged 52 Persistent cough 30 years mcreasmg dyspnoea 5 months 
Cyanosis, oedema and shght ascites Vital capacitv 700 c c £ C G SR right axis shift 
STj, , depressed. P, 0 23 mv Blood R3C 6,300 000 ^Hb 110% Improved with rest 
and thiouracil, left bospitak Died with acute respiratory infection Post mortem heart 
weight 650 g Left ventricle shght enlargement Lungs emphysema 

Cate 6 Female aged 54 Asthma and bronchitis for 23 years severe dyspnoea 6 months, 
cyanosis, oedema end ascites BCG SR I^w voltage, right axis shift P, 0 35 mv 
X ray pulmonary arteries enlarged Shght prommence of conus Moderate enlargement of 
heart Blood BBC 4,800,000 per c.mtn Hb 87% Oxvgen tent 3 weeks Improved 
after thiouracil Venous pressure normal Artenal saturation 87% Left hospital Death 
6 months later Post mortem heart weight 450 g Left v entncle normal Bmphysema 

Cate 6 Male aged 50 Dyspnoea many years Cyanosis and oedema E C G SR 
Right axis shift ST., , depressed P, 0 35 mv Death 24 hours later Post mortem heart 
weight 415 g Left V entncle normal. Shght atheroma of coronary artenes Lungs emphy 
sema and chrome hronchitis , 


Cate 7 Male aged 61 Bronchitis and asthma 12 years Dyspnoea 6 vears Oedema 
1 year Cyanosis, oedema and ascites BCG S.R Right axis shift Low voltage P, 
0 1 mv X ray whole heart greatly enlaiged Blood BBC 5 000,000 per cjnm. Hb 
100% Xo improvement Death after 1 month Post mortem heart weight 470 g Shght 
hypertrophy of left ventncle Longs emphysema 


Cate 8 Female aged 30 Asthma for 12 years Dyspnoea and oedema 1 vear CranosiB 
and oedema Vital capacity 600 e c BCG nodal rhythm Right axis shift ST, , depressed 
P, increased voltage X ray enlarged pulmonary artenes conus and nght ventncle present 
a year previously Same findings with additional moderate enlargement Blood R3 C 
10 600 000 per cjnm Hb 128% Death I month later Post mortem heart wei^t 600 g 
Shghthypertrophy of left ventncle Atheroma of pulmonary artenes Lungs emphysema 


Cate 9 Male, aged M IVmter bronchitis many years Dyminoea and oedema 2 montl,. 
^anosis and ^ema BCG SR later showed paroxysmal auncular flutter and fibrillation. 
Right axis shift ST, , depressed. P, 0 1 mv X ray pulmonary artenes enlarged. Conns 
not pronunent Moderate enlargement of heart Blood R B C 4 700 000 per cjam. Hb 
96% Appeared monbund soon after admission. Kept m oxygen tent for 1 month. Improved 
after thiouracil nght auncular pressure falling to —7 cm and cardiac output to 6 4 per 
minute but artenal oxvgen saturation remamed about 65 per cent Venous pressure non^ 
and able to get about for 6 months Death m a few days from acute respiratory infection. Ko 
post mortem 


W llale aged 30 Dy^oea recurrent bronchitis and pneumoma smee 
X ray bilateral congemtal cystic disease of the lungs Right axis shift CB C G ) and enlarged 
putoonary artenra I rear pw^ously Qyanosed, minimal cedema Vital capacitv 1 250 c c 
BCG SR Right axis sh^ ST„ , depressed P, 0 2 mv Xray p^onaiy artenes 

R^C 5.200.000 Hb 


Case 11 Hale, aged 65 
and cedema ECO SR 
pulmonary artenes enlarged, 
c mm Hb 95% lmpro>*ed 

Case 12 Male, aged 4S 
E C G SR Low \ oltage 
mortem heart weight 400 g 
Lungs emphysema oedema 


Oir^c bronctois fOT 15 years Oedema 3 weeks Cyanosis 
Right axis shift ST, , depressed. P, 0 15 mv X ray 
Moderate enlargement of heart Blood R3 C 4.000 000 ™r 
m oxygen tent Alive 2 months later ” 

^tl^ and bronchitis for vears Qyanosed, very ilL cedema 
Ri^t asa shift P, 0 16 mv Death 6 horns later Post 
^ft ventncle normal Shght atheroma of pnlmonarv arterv 
and purulent bronchitis unery 


Ess:, 
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Oasu 16 Male, aged 61 Welsh mmer Sihcosis, cough, hnsmoplysis end dyspnan for 
years Cyanosis and oedema B C Q SR Low voltage, nght axis rinft p, o 16 nn 
X ray silicosis of lungs, pulmonary arteries enlarged, conus prominent, modorato cidarmncnt 
of heart Death 12 hours later No post mortem ° 

Oaae 16 Female, aged 66 Carcinoma of breast Dyspnoea and ondomn 2 weeks Cianons 
and oedema Post mortem heart weight 210 g Right auricle dilated Other chamhera 

atrophied Lungs both lungs shrunken, widespread infiltration of lung lymphatics bj carcinoma 

Oaae 17 Male, aged 66 Welsh mmer Dyspnoea and bronchitis for years One year 
previously X ray showed shght enlargement of pulmonary artenes and heart Very ill Cyanow 
and oedema Blood BOi 07% X^ray pulmonary artenes and conus enlarged Moderate 
enlargement of heart Shght improvement after digitahs Death 10 days later Postmortem 
heart weight 381 g Left \entnole normal Lungs emphysema, anthracosis and some 
fibrosis 
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RENAL FUNCTION IN ADDISON’S DISEASE* 


By P H SANDERSON 

[From the Medical Clinic, St Mary’s Hospital, London ) 


It is well known that retention of urea and other nitrogenous substances 
may occur m Addison’s disease, and that this may be corrected by adequate 
treatment with sodium salts and the hormones of the suprarenal cortex 
This azotsemia is not exphcable on the basis of structural changes m the 
kidney, and it seemed that the use of the muhn and diodone clearance 
methods devised by Smith and his colleagues (17) might reveal its mechamsm, 
and at the same time provide some information about the action of the 
cortical hormones on the kidney The work was begun m ignorance of the 
paper of Talbott, Pecora, Melvdle and Consolazio (18), who used these 
methods to mvestigate the same problem 'The present work m the mam 
confirms, and somewhat amplifies, their results, which were bnefly as follows 
In 10 patients with Addison’s disease, and 6 patients descnbed as havmg 
“ chrome adrenal insufficiency associated with pan-hypopitmtansm,” muhn 
clearance and diodone clearance were both depressed below normal, the 
former more than the latter, so that the filtration fraction tended to be low 
Maximum tubular reabsorption of glucose was severely depressed, and 
maximum tubular excretion of diodone to a lesser extent Administration 
of desoxycorticosterone acetate corrected partially, but temporarily, these 
deficiencies , admmistration of adrenal cortical extract had no demonstrable 
effect Sodium clearances failed to demonstrate madequate tubular 
reabsorption of sodium, and showed no consistent alteration after treatment , 
potassium clearances, however, showed an mcrease after treatment m 5 
out of G patients studied 


Methods and material 

Full details of procedure for determinmg muhn and diodone clearances 
and maximum tubular excretion of diodone (Tmj)) have been given by 
Goldrmg and Cliasis (5) The procedure used m the present work was 


* Work undertaken for the Medical Besearch Council 
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the analyses Messrs Wilham R Warner for a supply of pyrogen free muhn solution m ampoules 
Dr W D W Brooks for access to Case E D the Medical Research Council for a personal grant , 
and Prof G W Pickering for advice and criticism ’ 
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similar, apart from the following pomts the bladder was cashed out vith 
two lots of 60 ml of distilled water when ohtainmg urme spocimous the 
patient received no extra water by mouth before the clearance ohscn^ations 
and the plasma protems were removed by the ordmary tungstic acid 
procedure, as this was found to give the smallest loss of diodono, although 
even in this procedure a loss of 3% of the plasma diodone had to be alloued 
for 

The followmg chemical methods were used Inuhn Hubbard and 
Loomis (7) , Diodone Alpert (1) , Sodium Morton (11) , Blood uroa 
Conway and O’Malley (3) 

Hsematoent readings were taken after centnfugmg for 30 imnutos at 
3,000 r p m , no correction was made for plasma trapped in the cell column 
Plasma volume was determmed in one case wnth T-1824, the dye concentratjon 
bemg determmed directly m serum inth a photo-electric absorptiometor 
Blood samples for this were drawn at the same time as those required for 
the clearance expernnent, and a dye disappearance curve constnicted in 
the usual way Fluid shifts due to the sahne mfusion used for maintammg 
mulm and diodone plasma levels were allowed for as described by Hohlc 
and Gregersen (12), the serum protem bemg measured by Van Slyke’s (13) 


copper sulphate method 

It IS convenient to note at this pomt a troublesome feature of Alport’s 
diodone method which requires special teohmque Filtrates of plasma or 
serum drawn before the mjeotion of any diodone give a “ blank ” titration 
value amountmg to some 0 3 mg diodone-iodme per 100 ml This effect 
has also been observed by Shannon and co-woikers (4) In itself this would 
he no great drawback, were it not that the blank titration value is a function 
of the time that has elapsed after the addition of the potassium iodide 
To overcome tins difSculty, it was found necessary to construct a curve for 
each plasma, relatmg the titration value of the blank to the time elapsed 
smee the addition of iodide Samples containmg diodone were then titmted, 
the time from the addition of iodide to the endpomt bemg noted The blank 
value correspondmg to this time wos found from the curve and Buhtracted 
from the titration value Only in this way was it possible to obtain 
consistent results with plasma The effect was not observed with urme 

Four patients were mvestigated , their clinical details are appen c 
In each case, the muhn clearance, diodone clearance and TmD 
determmed treatment was then begun with sodium chlonde y | 
and desoxycorticosterone acetate (DOGA) by mtramuscu ar mjec lo , 
the tests were repeated after satisfactory clmical improvement An averag 
dose of 6 g sodium per day was given m addition to , 

diGt , the mitial dose of DOCA m eU cooes ms 5 mg per day, ^ 
subsequently ad 3 U 8 ted to the mdividual’s requirements ^ 
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requiring less than this amount ivas H B , urho developed oedema two weeks 
after the commencement of treatment thereafter she received 5 mg of 
DOCA every other day 

No evidence of mtnnsic renal disease was found m any of the cases, 
and none presented signs of Addisoman crisis 

Results 

In Table I, summansmg the results, all clearance values and Tm’s are 
corrected to the standard surface area of 1 73 sqjn , and the values obtamed 
irom normal subjects by Goldnng and Chasis (5) are given for comparison 


TABLE L 


1 j 

Ft j Sex 

1 

Age 1 

1 

! 

1 

1 Date 

1 

1 

BP 

•myn 

Hg 

1 

Serum 1 Blood 
godium urea 
mg per 1 mg 
100 ml jperlOO 
1 ml j 

1 Esm 

I 1 

cnt 1 

% j 

1 

CIN 
ml/ I 

Tv\in j 

CD, 

mL/ 

mm 

Tmi>* 

mgJ/ 

min. 

[ 

1 

Filtn. 

frsct 

O' 

'O 

EF ' F 

34 

^1346 

! 95/60 

i _ 1 

1 j 

36 1 

1 

36 ' 

1 

67 

^ 456 1 

[ 26 0 


1 

1 

1 8 446 

1 

1 


1 330 j 

i ! 

35 1 

1 1 

70 

i 370 , 

! 

, 28 5 

18 9 

KB ' F 

33 

1 

, 14 J 46 

I 

, 88/55 

1 1 

297 

35 

39 


11 

391 

18 4 



2 6 46 

1 

94/64 

1 

1 344 j 
1 

14 

36 


m 


231 

HB F 

1 

1 38 

1 

2 4 46 

1 

1 100/68 

1 

320 

» 

' 29 

1 33 

j 68 

1 

422 

1 

1 32 9 

161 



22 6 46 

122/74 

1 

I 313 

1 

1 20 

' 28 5 

1 

1 64 

374 

' -39 4 j 

1 1 

171 

ED M 

43 

22 7 40 

82/60 

290 

1 

! 69 

1 

1 42 ' 

1 73 

I 530 

1 37 2 

1 

1 13 8 



19 8 46 

124/68 

332 

, 

' 35 

147 

1 

‘ 556 

1 

j 427 

1 26 5 





\ 

1 Eormal I M 

1 

1 

1 

* 697 

518 

19 2 






Values 











(H) 

1 

1 

1 









1 

117 

< 694 




* ’Maximum tubular oxcratioa of diodone 


In Table II is shown the percentage change after treatment m the 
lanous functions measured 

Tlie foUowmg pomts maj be noted Firstly, the muhn clearance was 
subnormal m all cases before treatment The effect of treatment was 
1 anable m R B and E D there was a rise, but m the other 2 cases there 
was no sigmficant change 

Tlie diodone clearance was also subnormal m all cases before treatment, 
and agam the result of treatment was vanable 
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TABLE It 


Patient 

aCiN 

% 

i 


AFF 

0/ 

/o 

EF 

+ 6 

— 10 

1 '1 

+ 10 ] 

4- 28 

BB 

-f 48 

-f- 18 


■f 26 

HB 

— 3 

— 11 


+ 7 

ED 

-f loo 

+ 5 


-f 02 


The flltratioa ftaoton (ealeuleted aa low or loo 

normal before treatment (as observed by Talbott and co-workers), and in all 
cases the alterations m mului clearance and diodone clearance following 
treatment were such as to raise the filtration fraction, even, in E D , to the 
probably abnormal figure of 26% 


TABLE IIL 


Patient 

Date 

Sodium excretion % 

EB 

14 3 46 

36 


2 6 46 

21 

HB 

2 4 40 

1 7 


22 5 4G 

34 

ED 

22 7 46 

1 8 


10 8 46 

13 


Tmj) was low in 3 cases before treatment m the 3 cases in which it 
was measured on a second occasion it had risen significantly, m H B almost 
to normal levels 

Sodium reahsorption In 3 cases the tubular reabsorption of sodium 
was calculated as follows The sodium entermg the tubules can bo foxmd 
by multiplying the muhn clearance by the serum sodium level , the sodium 
leaving the tubules is obtamed by multiplymg the urme flow by the unnaiy 
sodium value Table III shows the percentage excreted of the total sodium 
entermg the tubules Chirrent theories of Addison’s disease would lead one 
to expect dimmished excretion after treatment, but m fact the difierences 
observed were not strikmg and m one case the excretion increased after 
treatment It is, however,, to be pomted out that extra salt was given by 
mouth durmg treatment, and that the companson made was not simply 
that of the behaviour of a given kidney with and without DOCA Talbott 
and co-workers were also imable to draw any definite conclusion from t eir 
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figures for sodium clearance , m their senes the patients u ere receivmg 
added sodium chlonde by mouth at the time of the first clearance test, and 
this uas presumably contmued after treatment with DOCA was begun, 
though this IS not exphcitly stated The amount of salt given to these 
patients is also not stated , it may be that a sufficiently large daily dose 
would so mcrease the urmaiy sodium excretion as to mask any effects of 
DOCA 

Dtsaission 

The \nuhn and diodone clearances The mam problem with which this 
work IS concerned, namely the mechanism of the azotsmia m Addison’s 
disease, appears to find at least a partial answer m the extremely low muhn 
and diodone clearances found m untreated cases The mnlm clearances 
ranged from 55% to 58%, and the diodone clearances from 58% to 77%, 
of normal From the evidence of Smith and others (16) it may be accepted 
that these results imply proportionately low values for the glome^ar 
filtration rate and the effective renal plasma flow m untreated Addison’s 
disease 

The maximum tubular excretion of diodone Smith (17) ongmated the 
conception of Tmp) when workmg on essential hypertension, m which a 
gradual reduction of the mass of functionmg tubular tissue takes place with 
the passage of time In Addison’s disease no constant structural alterations 
m the kidney are known, and the lowered Tmj) must be evidence of a purely 
functional impairment of the renal tubules This is at any rate partly 
corrected by treatment It is of interest that Welsh and co-workers (20) 
described mcrease m Tmj) of the Hog’s kidney following mjection of 
testosterone, a substance closely related structurally to desoxycorticosterone 
On the other hand, Klopp, Young and Taylor (9) gave large doses of 
testosterone to normal men and one eunuchoid man, and found no change 
m maximum tubular excretion of p-ammo-hippunc acid 

The effects of treatment It will be seen from Table I that only m one 
case (E D ) did the clearance figure obtamed after treatment approach 
normal , in the remainmg cases only a partial restoration of function was 
achieved Several explanations of this are possible It may be that the 
lesion IS only slowly reversible, and that insufficient time was allowed for 
recovery Other examples of slowly reversible extrarenal azotsemia are 
knowni, for instance the varieties found m shock (10) and m alkalosis (8) 
It should be noted, however, that the case showmg the most complete 
restoration to normal had, of the whole senes, the shortest mterval between 
tests 

Another possibihty is that the substitution therapy given was madequate 
either because the substance used did not completely replace the secretion 
of the suprarenal cortex, or because the dosage ■was too lou It is well 
known that the suprarenal cortex produces a number of steroid hormones. 
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and it 18 probable that the vanot® fanotions of the gland are accomplishod 
by different bormonea, or at any rate different groups of liomionos Thiw 
it IS knoivn that desoxycorticosterone, the compound used in treating these 
patients, has no demonstrable effect on carbohydrate metabolism, although 
it has a marked effect on the absorption and excretion of sodium and 
potassium (19) It might be argued, therefore, that some cortical lionnonc 
was missing, whose presence would have brought about complete restoration 
of normal renal function This possibihty appears unhkely m the hght of 
the observations of Talbott and co-workers They gave 2 of their patients 
20 c c of adrenal cortical extract (Wilson’s) daily by intramuscular injection 
for 5 days, and found no significant change m muhn clearance or diodonc 
cleaiance These patients had both had unplantations of DOCA 12 months 
previously (494 and 616 mg ) and were m a satisfactory chmcal state 
The authors concluded that “ adrenal cortical extract m the doses given 
was unable to restore impaired renal function m patients with Addison’s 
disease beyond that achieved by desoxycorticosterone acetate” Witli 
lesard to the dosage of DOCA employed m the present senes, it w perhaps 
worth noting that HB, whose mnhn and diodone clearances both fcl 
shehtly ^vith treatment and whose filtration fraction shoived the smallest 
nse m the senes, also had the smallest dosage of BOCA 

The possibihty must also he considered that m Addison’s some 

permanent structural kidney damage develops, wfech no replacement o 
Lssmg hormones can repair Barker (2) has reported atrophic changes m 
the tubules m 10 out of 31 cases of Addison’s disease which came to autopsy , 
thesl changes consisted of flattening of the epithehum, mtertuhular cedema 
ItTo— the presence of fat topleta m 
other harvd, Guttoam (6) who 

of the krdnoy. other tharr v “ Z te wZ 

that autopsy reports of cases of ^ reports of patients 

synthetic DOGA became available, are ahnost certamiy p 

It 18 possible that the tubular lesions m 

rzT^r^h:S^:t=-o^r:ro^ 

by the patients m this senes Bhown that 

Theriseoff^Urat^onfrcu^t^on^v^thM^^ ty 

nude departures from Pyrogens cause a rise m diodonc 

pyrogenic agents and ^^h^es the muhn clearance remam 

clearance and adrenahne a fall, but „ an 

uuohangod Tho ^Zt sb— »ttonole». .dreoahno 

alteration m tho tone of tho 8 aat tho riso 

oonstnotag and pyregoM 4 aasos may also ho duo 

filtration fraction induced by treatment m a 
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m 

increased tone of the efferent arterioles, and if this is so, -we must suppose 
that in the untreated oases there was a relaxation of this tone, which was 
more or less corrected by treatment Talbott and co-workers reached a 
sumlar conclusion But exammation of the results m Table I will show 
that this cannot he the only readjustment takmg place m the kidney A 
simple constriction of efferent arterioles would he expected to diminish the 
diodone clearance and leave the muhn clearance unchanged, and this is m 
fact what occurred m cases E F and H B But the other two cases show 
a shght nse m diodone clearance, m addition to a conspicuously mcreased 
muhn clearance, and for this to happen m the face of constriction of the 
efferent arterioles there must have been a nse m perfusion pressure of the 
glomeruh The most likely way m which this could happen is through a 
nse m systemic artenal pressure, and this is seen to have been marked m 
the case of E D But the effect can occur with only insignificant nse m 
blood pressure, as the case of B. B shows, and here we must conclude that 
some dilatation of the afferent glomerular artenoles occurred 

We may now enquire what is the cause of the change m efferent 
artenolar tone The effect is probably not a simple response to a nse m 
blood pressure R B shoved a conspicuous alteration m filtration fraction, 
but the blood pressure was httle changed , H B , who showed the smallest 
change m filtration fraction, had a well marked nse m blood pressure 
Moreover, m several of the untreated cases reported by Talbott and co-v orkers 
the filtration fraction was very low at a time when the blood pressure vas 
normal 

Clianges m plasma volume are also unlikely to be the explanation 
The plasma volume was measured only m the last case, m vhich it rose from 
2410 ml before treatment to 3070 ml after treatment , but the percentage 
change can be calculated m the other 3 cases from the hrematocnt readmgs 
which were taken on the occasion of each test The change m plasma 
volume m the last case as measured directly with the dye T-1824 agrees 
almost exactly with the percentage change calculated from the hsematocnt 
values, so the latter procedure would seem to be rehable provided that 
the total cell volume remains constant Unfortunately, the three cases m 
which mdirect measurement alone vas possible were females, but there is 
no record of the menstrual loss bemg excessive m any of them, and no other 
source of blood loss was found If tlus mdirect method is accepted, it will 
be seen that the second largest mcrease m plasma volume is associated with 
the smallest change in filtration fraction (H B ), and that a case with a large 
change m filtration fraction had apparently no alteration m plasma volume 
(EF) 

The serum sodium level appears to have some correlation with the 
filtration fraction, but the senes is too small for any conclusion to be drawn 
The final possibihty is that the nse m filtration fraction may be a direct 
effect of DOCA on the kidney, but this theorj’- cannot be advanced with an> 
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certainty since treatment included sodium chlonde by mouth ns uell as 
mjection of DOGA However, Talbott and co-workers found lou filtration 
fractions m patients treated uutli salt before any DOGA lind been gi\cu 
Their results do not permit of any definite conclusions ns to tlio effect of 
DOGA on the filtration fraction 


SUMMABY 

1 Renal function was mvestigated m 4 cases of Addison’s disease not 
m crisis, usmg the muhn and diodone clearance technique 

2 The muhn clearance, diodone clearance and diodone Tm uorc 
depressed m untreated cases , the effect of treatment on the first tu o functions 
was variable, but m all cases was such that the value of filtration fraction 

, muhn clearance previously low, was mcreased The diodone Tin uns 
'diodone clearance 
mcreased after treatment 

3 The possible significance of these fin d in gs is discussed 


Clmtcal notes 

On adnuaaion. her ekin wae fairly deeply prceeiro 

Cheat X ray .*e™i »..J1 d 

On 16 3 46 she complained of pam m ^e > anoreased conmdernbh The fluid 

was found that the effusion m ^e right e*® cells, 60% oi which wore 

vhen aspirated was found to be tiogatno Tlio 

neutrophil 46^ th^effusion also disappeared quickly 

temperature subsided rapidly, bemg 

and a chest X ray on 1 4 46 showed no fluid m either pto ejections wore 

On 13 4 46 200 mg DOCA bSd pSe^ure of 110/60 

discontmued She was discharged on 28 4 46. feehng^^ih^ combining of veaknow. 

R B . female, aged 33 Firat o/w^hf^ She also hod occasional vomiting and 

pigmentation of skm, amenorrhosa, and loss oi weigu 

wee P.C““r SSf *%S”pS.r.t« 

“ eMhh,p«.hde..e...d,e.».n.eftppp.r»h..»<. — 

at nght base , , . ,n, -ml DOCA by mtramuscnlar >”1®®^'°*} ’ 

She was treated with sodiinn nKht\eotus sheath and she was discharged 

finally 200 mg DOCA was implanted mto the ngne lec 

days later, with B P 105/76 -riminwon when she noticed rotum of 

She remamed well until 3 weeks before Pf^^igO xhe pigmentation had not 

l»rS.m Onhd»««.ontheBP r m fohh d to ^ WfTO J‘«V^ 

.mo. herprcpip™ «*»«.■» “ 

ml Fasting blood sugar 80 mg /lOO ml 
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H B , female, aged 38 In September 1945, this patient was admitted with an abscess m 
the left breast tbis was aspirated and tubercle bacilli were seen m the pus She was discharged 
but 3 months later the abscess burst spoutaneously and contmned to discharge pus for another 
3 months 

Whilo she was ill with the breast abscess she lost 19 lbs from December, 1945, unto her 
admission on 29th March, 1946, her weight remamed about constant 

In January 1946, she noticed that her akm was becoming dark, and m February noticed 
ready fatigue even on standing also slight dyspncea on climbing stairs About this tune she 
began to vomit occasionally, usually at rmd day 

On exammation, there was pigmentation on the backs of the hands, over the knuckles, 
on the palmar surfaces of the fin^rs m the flexures on the shoulders at the sites of pressure 
from shoulder straps and m the mouth, inside the cheeks and on the soft palate The blood 
pressure was labile , on one occasion a reading of 100/56 was obtamed, and on another 11^20 
Other observers occasionally obtamed values higher even than this second value The chest 
was normal clmically 

Blood chemistry 

Venous plasma CO, content 60 vols % 

Plasma chloride 373 mg /lOO mL 

Plasma sodium 320 mg /lOO ml 

Blood urea 29 mg /lOO ml 

Sedimentation rate 20 mm in 1 hour (Wmtrobe) 


E D , male, aged 43 Eight months before admission he began to notice nausea after meals, 
but no vomiting apart from that which he mduced to relieve the nausea For 2 wee^ before 
admission he noticed severe asthema Broimiig of the skm had been apparent for some 3 
months during the same period he lost 6 lbs m weight 

Past history Eight years previously spent 3 months m a sanatorium for right pleural 
effusion and infiltration of right long 

On admission he showed general pigmentation, on the face, backs of hands and palmar 
creases also m scars on the trunk caused by a flymg bomb mcident 2 years previouslv Verv 
slight pigmentation of gums Blood pressure 90/60 Blood chemistry on admission 
Venous plasma CO, content 51 vols % 

Venous plasma chloride 332 mg /lOO ml 

Serum sodium 294 mg /lOO ml 

Serum potassium 21 7 mg /lOO ml 

Blood urea 63 mg /lOO ml 

Chest X ray showed old infiltration at nght apex and more recent mfiltration at loft apex 
Sputum no tubercle bacilli found at two examinations 
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RENAL FAILURE FOLLOWING ABDOMINAL CATASTROPHE 

AND ALKALOSIS 

By P H SANDERSON * 

{From the Medical Clinic, St Mary's Hospital, London ) 


CoMPABisou’ between the results obtained by surgery m the recent war 
and ui the war of 1914-18 reveals a conspicuous advance m every field save 
one — ^that of abdominal injuries In spite of early treatment by forward 
surgical umts, chemotherapy mth pemciUm and sulphonanudes, and the 
many advances m surgical and anaesthetic technique, a penetratmg wound 
of the abdomen still cames a mortahty of some 30-40% Edwards (11) 
reported ftom the Itaban theatre 388 abdommal cases without other 
important mjunes, with a mortahty of 39 7% Pomtt (24), m a 
summary of abdommal cases m 21 Army Group for the period June to 
November, 1944, reported 2,479 cases of penetratmg wounds, with a 
mortahty of 30 7% Such figures may well be due, m part at any rate, to 
the difiSculty, pecuhar to the abdomen, of controlhng an infection which 
has once gamed a foothold there But a growing body of evidence suggests 
that m many of the fatal cases renal failure is a contributory, and possibly 
m some a dommant, factor Edwards, m the senes mentioned above (11), 
hsted the causes of death m groups dymg withm varymg periods after 
operation Of 50 oases who died 2 to 10 days after operation, 13 succumbed 
to renal failure , this was nearly twice as common as any other smgle cause 
Wounds of the abdomen are uncommon except m wartime In tunes 
of peace, a close parallel is presented by the common surgical emergencies, 
such as perforation of a peptic ulcer, strangulation of the mtestme, and m 
fact any condition likely to cause pentomtis, paralytic ileus, gross dehydration 
or a combmation of these Accordmgly, m order to obtam farther insight 
mto the mechamsm of renal failure, 4 cases of this nature have been 
investigated with the mulm and diodone clearance techmque of Homer 
Smith (27) A case of alkalosis due to excessive mtake of alkah has also 


^ thank 3Ir ^ G Moreman for invaluable help with the clearance procedure and 

Mood anah-ses , W Brough and J W 6 Smith for the urme analyses and ilr S’ C 

Hughes Jones for techmcal assistance mth Case 1 I am also very eiatefhl to the 
^owed mo access to then cases and to the Medical Re^h^cSSor a 
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been studied and is reported here, for, \rhile alkalosis is well knowi to occur 
m the abdominal conditions already mentioned, its mechanism is hkcwise 
obscure 

A full account of the muhn and diodone clearance methods and of the 
experimental work on 'nhicli they are based may be found in the papers 
of Homer Smith and his colleagues (12, 27, 28) Bnefly the rate at uhich 
the kidney clears the blood of mulin (Cuj) may be taken to measure the 
rate of glomular filtration , its value m normal adults is 100 to 130 ml per 
Ttnrt Diodone is excreted largelj^ by the tubules , its removal from tJic 
plasma perfusing the normal kidney is so nearly complete that its clearance 
at plasma levels below 10 mg per 100 ml (Cj)) may be used as a measuro 
of the blood perfusmg the secretory tissue of the kidney, or as Smith (37) 
puts it the “ effective lenal plasma flow ” , m normal adults this value is 

mulm clearance a „ .t 

600-800 ml per mm The ratio aT odone elearenee ” '*5' 

filtration fraction (F F ) smee it represents the proportion of plasma uator 
perfusmg the excretory tissue which is filtered off m the glomeruh , a nonnal 
value IS 17 to 23% At plasma levels above 40 mg per 100 ml the tubular 
excretion of diodone reaches a maximum value which is not moreased by 
further rise of plasma diodone This maximum tubular excretion of diodone 
(Tm-nl provides an mdex of the excretory mass of the functionmg tubular 
tissue Its value m normal adults is 40 to 60 mg diodone lodmo per 

mmute 

Trueta and lus coUeagues (29) have recently provided evidence that m 
the labbit various stimuh, includmg the apphcation of a tourmquct to a 
lunb, and prolonged faradism of the sciatic nerve ^ 

blood to be diverted from the cortex through the medulla of the kidney, 
TZw an arteriovenous shunt It is difficult to say how d sc y 

these findmgs can be appbed to man , the rabbit s durmg*a vatcr 

quite differently from that of the dog, the ^at an^ m ® 
luresis (Dickex and Heller (10)), and it may be that ^ ^ 

xs peoubar to the labbit It appears that 

not a stimulus adequate to produce ’ L jjjg colleagues (23) 

blood flow reaches veiy low levels mdeed, for 

have found that the extraction ratio f f of its normal value 

constant at 0 87 until the blood flow fa^ f that if 

Selkurt (26) has reported su^jr resets Hev 

the shunt mechanism desciibed by Trueta renal blood flow Any 

clearance becomes meanmgless as a original conception 

maccuracy may still be avoided by re . ® n » tor the diodone 
proposed by Smith, namely " effective xena, P ^ ’ through secretory 

cleLnce sliould still measure the rate of plasma flow k 

tissue 
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SIethods 

The general technique employed was that described by Gtoldrmg and 
Chasis (12), -n-ith the followmg exceptions no additional water was given 
by mouth before the tests, and the bladder was washed out with two 50 ml 
samples of distilled water at each urme collection Owmg to the grave 
conditions of the patients, one or at most two clearance periods, 15 to 20 
mmutes m duration, were usually all that could be done In case 1 tubular 
function was assessed by measurmg the TnaxiTnnm tubular excretion of 
diodone (“ Tmyj ”) 

Plasma volume was estimated with the dye T-1824, serum levels of the 
dye bemg determmed directly unth a photo-electnc absorptiometer No 
difficulty was encountered &om haemol 3 rsis or hpsemia Blood volume was 
calculated from plasma volume and packed cell volume , no allowance 
was made for plasma trapped m the cell column The hsematocnt tubes 
were centrifuged at 3000 r p m for 30 minutes 

The foUowmg chemical methods were used Blood urea Conu ay and 
O’JIalley (7) and later Peters and Van Slyke (22) Hsemoglobm Clegg 
and Kmg (5) Plasma chlonde Sendroy (26) Plasma COg content 
Conway (6) Serum sodium Morton (20) Urme urea hypobromite 
method (Hamson (13)) Urme chlonde Volhard method (Peters and Van 
Slyke (22)) Inuhn (plasma and urme) Hubbard and Loomis (14) Diodone 
(plasma and urme) Alpert (3) 

Blood for plasma chlonde and COg content was drawn with Tnimnninn 
stasis under oil and centrifuged under paraffin, with dry heparm ns an 
anticoagulant The plasma proteins were precipitated with tungstic acid 
This caused an average loss of plasma diodone of 3%, which was allowed 
for m the calculations 


AT.KAT. nSTS 

Case report 

Case 1 J G , male, aged 57, was first seen m the outpatient department 
in June, 1944, u hen he gave a typical history of duodenal ulceration durmg 
the past 12 jears The arterial pressure at this time was 160/95 The 
diagnosis of duodenal ulcer was confirmed by banum meal, and treatment 
was begun inth a “ gastric ” diet and an alkahne powder* 1 drachm T D S 
This treatment he contmued regularly and until Jlarcli, 1946, he was 
relatively free of symptoms Durmg the summer however he began to vomit 
two or three times a week, and on the mght of 7 10 46 he began to vomit 
black material resembhng coffee dregs Altogether he thmks he brought 
up about a gallon dunng the mght 


ma6n*^r"4’‘rbS"3‘^s*’“'‘’ ^.carbonate 3 parte, calcmn carbonate 3 parts. 
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Fig 1 Summarise the biochemical ihidmgs m Case 1 In this and subsequent llguras blood 
urea, plasma chloride and urme chlonde are expressed m mg per 100 ml , plasma COt os \ oil 
per 100 c c , unne urea as g per 100 ml The vertical columns m the plosma section 
represent blood volumes, the black area representmg cell i olume, the white plasma i olumo 
The black rectangles m the unne section represent unnary output m ml per 24 hours 
Where no urme volume is indicated, the 24 hour ^cimen was wholly or partly lost through 
mcontmence The numerals m closed rectangles at the top of the figures represent the 
results of clearance determinations I = mulm clearance, D = diodone cloarnnco (both in 
ml/mm ), FF = filtration fraction and Ttal) = maximal tubular excretion of diodono in 
mg lodme per mm Systolic blood pressure (SJB P ) is m mm Hg 
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On admission the follo'wing day he was perfectly rational, with a blood 
pressure of 116/66 The unne was not examined He was not vomitmg 
nor did he vomit subsequently 

Tti the evening of 8 10 46 he first began to show signs of mental 
disturbance , he could ansiver questions but frequently made irrelevant 
remarks On the foUowmg day he was much the same, but later m the 
day became completely disorientated The next day (10 10 46) he began 
to have visual haUucmations , he frequently tried to get out of bed but was 
easily controlled However, that night he tried to strangle the night 
nurse 

On 11 10 46 he was stiU completely disonentated and was havmg 
contmuous visual haUucmations There were signs of gross dehydration , 
the skm was melastic and the tongue dry and very furred The eyeballs 
were not unduly soft, and the arterial pressure was 163/90 Trousseau’s 
and Chvostek’s signs were negative, and there was no conjunctivitis, but 
blood exammation showed gross alkalosis with considerable mtrogen 
retention, and the unne, which was pale, dilute and profuse m amount, 
contamed only the famtest traces of chlorides (See Fig 1) 

Durmg the mght his condition deteriorated , Cheyne Stokes respiration 
developed and his artenal pressure began to faU, reaching 85/60 at 12 40 a m , 
12 10 46 At 1 30 a m transfusion of stored blood was begun, 3 pmts bemg 
given m aU, foUowed by a slow infusion of normal sahne, which was started 
at 9 16 a m When clearances were done at 10 a m that mommg he was 
perfectly quiet and rational, but occasionaUy mcontment of unne His 
skm hydration was almost normal and his B P 120/60 

From this pomt onwards his progress was satisfactory The sahne 
infusion was discontmued at 6 p m on 13 10 46 after a total of 3 hties had 
been given Alkah by mouth was contmued until 6pm 16 10 46 after a 
second clearance had been done, and then stopped Tmilm and diodone 
clearances, diodone Tm and plasma volume were measured on 12 10 46, 
16 10 46, and 20 11 46 

Fig 1 shows several important pomts (1) FoUowmg the infusion of 
blood and sahne the blood volume was normal and remamed so (2) The 
clearance figures shou a severe renal impairment, from which recovery was 
slow and, at the time of the last test, mcomplete (3) The unne secreted 
at the height of dehydration, the day before transfusion, was profuse nnd 
dilute (sp gr 1006 urea 1 7%) (4) The unne chlonde remamed extremely 

lou until 21 10 46, a full week after the plasma chlonde returned to normal , 
at about the same time the plasma chlonde rose to supernormal levels, and 
then, after a phase of mcreased unnary chlonde excretion, returned to 
normal 
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Discussion 

Two vaiietieB of alkalosis are commonly encountered , the one duo (o 
loss of hydrogen and chloride ions through vomitmg, and the other duo to 
mgestion of excessive quantities of alkah Azoteemia is a frequent 
comphcation of both 

Loss of plasma chloride can be made good to some extent by fivatwn 
of COz as bicarbonate , but persistent vomitmg, as for example m pylonc 
stenosis, ultimately leads to loss of plasma base as well as chlonde, and tins 
can only be restored by replacement from without Loss of base leads to 
loss of water, and therefore the alkalosis of persistent vomitmg is regularly 
accompanied by dehydration From the httle that is knoira of the effect 
of dehydration on the dynamics of the circulatory system and particularh 
on the renal circulation, and from cases 3 and 4 of the present senes, it mni 
be supposed that dehydration plays an important, perhaps a major, part m 
the causation of azotmmia in this variety of alkalosis A typical example, 
m which the renal function was mvestigated by muhn and urea clearances, 
has been reported by McCance and Widdou'son (18) 

In allcalosis due to the ingestion of alkah the mcidence of dehydration 
IS less certam, though m pubhshed reports of cases it is occasionallv 
snecificaUy mentioned In Case 1 dehydration was conspicuous at the time 
when alkalosis was first recognised The remainmg cases here le^rtcd 
suggest strongly that dehydration may be an important factor m 
prelpitatmg renal failure, and, although at the time of the 
determmatiL m Case 1, the blood volume and tissue hydration had both 
been restored, the possibihty cannot be excluded that the renal lesion iias 
due to a pre-existing dehydration whose effects ueie only slowly 
^vei tX one feaLe of the renal lesion m this case is 
with dehydration bemg its sole or chief cause, namely ^iblSd 

has been frequently, though by no mentod m^^^^^^ 

reports of alkali allcalosis , Cooke (8) states that a ° j \ third 

18 not uncommon.” and Cope (9) gives the mean 
case when on alkah as 76 ounces, over 2 ^res urme flo^^^ere 
unduly large in Nicol's (21) cases ^eal^^^ 

present case is not particularly striking u fiBures will be seen to 

produced at firet in the face of gross d®^ 5 ;diation the fi^^^^^ 

L higlily unusual (Compare the scanty mitial output ot 

would seem very probable that the polyima . the patient 

was first recogmsed in this case, was ^^rge y vna-rvations began and his 

was mentaUf abnormal for 3 days ^^rotSie 

fluid mtake may not have kept pace with his output ot urme , 

tune he did not vomit „i.i,Ar frature — 

The lenal disturbance m this case is rem^tab e ot ^ „ 

the slowness of recovery This also appears to he a comm 
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alkalosis, but whether it is peculiar to that condition is not certain 
Cooke (8) states that improvement m renal function (as measured by the 
urea concentration test) often contmues over several months after rehef 
of the alkalosis Kirsner and Palmer (15), usmg the urea clearance test, 
found that recovery usually took 7-14 days, but m 3 out of 25 cases it took 
1, 3 and 6 months respectively, and m 2 cases the renal impairment vas 
persistent 

The severe depression of the TnammuTn tubular excretion of diodone 
m this patient (to 17 as compared mth the normal 40-60 mg lodme per mm ) 
shows that tubular function was much impaired Kirsner, Palmer and 
Humphreys (16) found m 3 fatal cases of alkalosis degenerative changes 
m the tuWles often with flattenmg of the epithehum and widenmg of the 
lumen, and very sumlar changes were present m NicoTs (21) case 4 Granular 
casts are a common findin g m cases of alkalosis and were m fact found m 
the present instance A specific toxic effect of alkah on the tubular epithehum 
may thus be postulated, but would not explam the very low muhn clearance 
The only explanation which fits the overall picture of renal function revealed 
m this case is that of renal ischsemia resultmg either from widespread renal 
vasoconstriction or from the cortico-medullary shunt described by Trueta 
and bis colleagues (29) If the presence of toxic amounts of alkah m the 
blood were to act as one more stimulus for the partial exclusion of the kidney 
from the circulation, the kidney lesion m alkalosis would mdeed he due to 
renal anoxia as suggested by Maegraith, Havard and Parsons (19) and 
would fall mto hue with the condition found m dehydration and m so-called 
shock 


Abdouinai. catastrophe 
Case reports and results 

Case 2 B C , male, aged 58 At about 11 p m on 26 12 45 an 
embolus became lodged m the bifurcation of this patient’s aorta 
Embolectomy was performed at 3 a m on 27 12 45 When seen at about 
3pm that day, the patient’s legs were cold and stiff and he could not move 
them , they were stamed with purplish patches and anaesthetic below the 
luiee The blood pressure was 160-130/90 and auricular fibrillation was 
present The blood urea was 69 mg /lOO ml 

On 28 12 45 his condition was much the same but he was complainmg 
of severe abdommal pam and had begun to vomit 'The blood pressure 
uas 150/100 He died at 11 p m 

Post-mortem exammation showed ascendmg thrombosis of the aorta, 
vuth extension of the clot mto the mesenteric artenes and infarction of the 
mtcstme Tlie renal artenes were not mvolved and the kidneys were 
normal macroscopically Ho kidney sections were kept for microscopy 



214 


SANDERSON 


Clearance tests were carried out 8 hours WnrA 
results were as follows ^ ^ patient died the 

Inuhn clearance 23 ml ^min 1 

Biodone 60 ml /mm J ^^^>^ation fraction 38% 

The urme output on the day of the test was 390 ml m 24 houm 

Comment This case presented two eross + 

infarction of the lower limbs and infarction nnmoh 

to say which was i^sponsible for ^ 

rate and effective renal plasma flow It is probable fronf filtration 

lesions that the plasma" volume 

artenal pressure was not below normal (though a previous h/ner 
cannot be e^flijded) and the reduction ni effective renal plasml^flon lus 
therefore probably due to renal vaso-constnction ^ 

■anti ^ admitted on 13 2 46 

Muth acute mtestinal obstruction At laparotomy a volvulus of the crocum 

and ascendmg colon was found to have caused strangulation of some 3 to 4 
feet of gut The colour of this was very dubious, but became more 
satisfactory after the apphcation of warm sahne packs, and the gut Mas 
returned to the abdomen wthout resection Subsequently paralytic ileus 
developed and the patient was treated with mtravenous salme mfiisions and 
continuous gastric aspiration 

When seen on 20 2 46 he presented no evidence of dehydration except 
shght dryness of the mouth , there was on the contrary, generahsed cedoma 
involving the whole body except the face and the anterior tlioraoic ivall 
The abdomen was enormously distended and no peristaltic sounds could bo 
heard BP 140/70 

That evemng lus abdomen was opened agam and gross peritonitis uns 
found Omcostomy was performed and the abdommal cavity drained 
His condition contmued to deteriorate, though his blood pressure remained 
normal ahnost to the very end He wms febrile dunng the whole ponod of 
observation, the temperature usually rangmg between 101° and 102° 3? 
He died at 6 a m on 26 2 46 


Post-mortem shouted necrosis of colon, with perforation in several 
places , gross peritomtis , subphrenic abscess and R empyema The 
kidneys appeared normal to the naked eye , microscopically they sliOMcd 
nothmg unusual except shght cloudy sxvelhng of the tubules 

The results of the investigations are shoivn in Pig 2 Inulm and 
diodone clearances w^ere determmed on the eighth day aftei the first ojicration, 
and it will be seen that while the diodone clearance ivas shghtly reduced, 
the muhn clearance ivas definitely above normal Thus, although the renal 
circulation was not noimal, as is shown by the very high filtration fraction, 
yet the clearance figures aie not sufficiently depressed to explam the high 
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and nsing blood urea (73 mg /lOO ml ) It will be noted that on the day 
of the test the nnne volume was 1,800 ml , and the nrme urea 3 1 g per 
100 ml , this IS eqmvalent to the excretion of 56 g ofnrea, a grossly abnormal 
amount Evidently the cause of the azotsemia at this stage vas the large 
amount of urea which the kidneys were being called upon to excrete, the 
excess urea production bemg probably the result of mcreased protem 
breakdown associated with fever However, the blood urea contmued to 
nse, and it may be that another clearance determmation towards the end 
would have revealed impaired renal function, because although the urmaiy 
urea concentration remamed high, the daily urme volume decreased 
considerably 

The silver mtrate test for urmary chloride was repeatedly negative 
This u ould be expected m a case whose plasma chloride was low, but it will 
be seen that m the present case the value was never below 340 mg /lOO ml 
and rose finally to 390 mg , a figure probably above the upper hmit of normal 
Evidently chloride was bemg retamed m an abnormal fashion by the kidney 
That plasma base was also bemg retamed is suggested by the termmal nse 
of plasma COj 




Fig 2 Biochemical andmgs m Case 3 The zeros opposite ‘ Chloride ” m the urme section 
represent results of the qualitative test for urinary ohlonde with silver mtrate 

Fig 3 Biochemical findmgs m Case 4 Figures for hmmoglobm are m g per 100 ml blood 


^ ^ aged 66 This patient had a cholecystectomy 

on 27 3 46 for chronic cholecystitis with gall-stones She was discharged 
on 1 6 46 with the wound still dischargmg a httle bile 

On 16 6 46 she was re-admitted with the fistula still dischargmg bile 
The '^oimd broke down on 4 6 46 and the amount of discharge mcreased 
JI3 12 6 46 she was mentally confused, refused her food, and appeared 
cyanotic and cold , the B P was 70/30 
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On 13 6 46 she showed gross dehydration of the skm, and tlio pulso 
was very feeble There was no fever On the following day an mtravonows 
infusion of saline was begun , this resulted in a dramatic clmical improvomont 
and by 10 a m on 16 6 46, when 3 6 htres saline had been given, the dehydra- 
tion appeared almost overcome The patient continued to improve until the 
night of the 17th-18th, when she had a ngor The next momuig she was 
semi-conscious and had a fever of 101 2“ She went rapidly downhill and 
died at 5 a m on the 19th 


Post-mortem revealed a gall-stone, about 1 cm m diameter impacted 
at the lower end of the common bile duct The pentoneal cavity contained 
about 230 ml of bile, and early peritonitis was present , there were also 
many adhesions, of some standmg, m the pelvis and round the gall bladder 
area The fistula track was not clearly demonstrated, but it appeared to 
come from the upper end of the dilated bile duct Rupture into the 
peritoneum apparently occurred at the junction of the fistula track with the 
abdommal wall 


The kidneys were rather small , the capsules stripped readily, revealing 
a very family granular subcapsular surface There were several small 
cysts on the surface On section, the cortex was pale but the medulla 
seemed normal Miorosoopioally there was moderate artenosclerosis only 

The results of the investigations are shown m Pig 3 Inuhn and 
diodone clearances wrere determmed on 16 6 46 The foUowmg pomts may 
be noted (1) the clearances show severe renal ischaemia, although the 
blood urea had already begun to fall Clmically , there was httle dehydration 
at this pomt. which suggests that the effects on the kidney of the antewdent 
period of dehydration may still have been peisistmg Subsequently the 
blood urea fell still further and it seems likely that considerable improvement 
m renal function took place (2) the salme infusion j « 

haemoglobm correspondmg to an mcrease m blood volume ot 20/^ wmen 
suggests that the blood volume must have been considerably 
trSment The blood pieeeme obo roae progroBByely ^th 
(3) the serum Bodmm on U 6 M ^™e 310 mg /lOO ml , 

Lplotjon of the plaemu baee (4) there was no "“JS 

and no alkalosis , m foot the plasma chlonde rrae and <■>>» CO, te^“‘ ‘ 
to abnormal levels before the end Thm may have been ‘k" 
large amount of sodium dilonde given (5) the kidneys ^ 

a iSneentrated nrme was unpaired . the urme urea never rose above A 

Comment This patient had evidently ® of 

base m the biliary discharge, inth by 

pLsma volume Whether the reduced a^nal wa 

Llf for the mnal .sohmmm m a matter for J^^rvasooon- 

m clearance values were so gross as to suggest that active re 

striction had occurred 
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Com 6 — E , female, aged 62 This patient had suffered for many 

years from ulcerative cohtis, for which a cascostomy had been performed 
3 years previously at another hospital The object of the present admission 
was to close this m the hope of re-establishmg normal colomc function 
The patient's general condition was satisfactory and she complamed only 
of the mconvemence of her cjecostomy 

Seven days pnor to operation her blood urea was 25 mg per 100 ml 
and her blood volume 6 3 htres 


I 34 
D 281 
FF 12 % 
^ 



Fig 4 Biochenucal Bndings in Case 6 The tune scale is in days after the fiist operation. 


After closure of the csecostomy she developed symptoms and signs of 
mtestinal obstruction, and on the third day the blood mrea was 120 mg /loo 
ml (See Eig 4) There was no clinical evidence of dehydration either at 
this stage or later However, it will be seen that the clearances revealed 
gross disturbance, m spite of a normal blood pressure, and a simultaneous 
determmation of blood volume showed that this had decreased to 4 htres 


T « 

D 776 

Iff. i2»J 
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— a loss of 1 3 litres or 26% That 

and It n-aa found that ohstniction had d«4loid ?“ 

old o^atomy Tho oseoatomy was theiefoM ta-aatabhsW 

The clearances were repeated 24 davs after the a 

sttbatautiaUy normal results apart from a low filtration firactiof'^Tho blood 
volume determmation was not repeated as them was still some staminrof 
the skm from the last mjection of Evans blue ® " 

In this patient, as m Case 2, an unusual relationship between tho unnarv 
chloride and the plasma chlonde is found The latter remained normal 
tliroughout, yet not until nearly a fortmght after the rehef of the obstruction 
did th^ urine chloride rise above 100 mg /lOO ml or the daily chloride output 


Gomment In this uncomphcated case of mtestmal obstruction, on 
the third day considerable reductions m glomerular filtration rate and 
effective renal plasma flow were associated with a 26% reduction m blood 
volume, m spite of a normal artenal pressure and absence of climcal 
dehydration These findings can only be explamed on the basis of active 
vascular change in the kidney, probably vasoconstriction 


Discttsston 

The renal lesion It seems clear from these results that unpairmont 
of renal function, sometimes severe, does occur m gravely ill abdominal 
cases Azotsemia may m certam oases (e g Case 3) be mainly due to increased 
nitrogenous breakdown but in many it is largely or who% the oiqiiesBion 
of renal failure While the impairment of diodone excretion might bo 
explamed on a functional tubular defect, the changes m muhn clearance 
cannot be so mterpieted, and as in the case of alkalosis the only auaple 
explanation of the overall picture of renal function is that of renal ischsemia 

A lather similar renal lesion has been observed previously to follow 
haemorrhage, and skeletal mjury Thus Black, Powell and Smith (4) 
investigatmg 3 cases of gastromtestinal haemorrhage with azotaemia found 
that all showed a reduction of renal blood flow as measured by diodone 
eleaiance and 2 a diminished glomemlar filtration rate In their case 3 
m which renal blood flow and glomerular filtration rate wore both reduced, 
the aiteiial pressure on admission was not subnormal (140/90) The 
filtration fraction was high m all cases durmg the phase of isclimmia fallmg 
towards normal with recovery Lauson, Bradley and Coumand (17) 
mvestigated 36 cases of trauma with varymg degrees of peripheral 
circulatory failure, and found as did Black, Powell and Smith (4) that the 
clearances often fell much more than could be accounted for by the 
dimmution of artenal pressure , the filtration fraction was variously Ingh, 
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low or normal In all these 4 abdominal cases diodone clearance was reduced, 
shghtly m Case 3, moderately m Case 5, and severely m Cases 2 and 4 
Acceptmg the diodone clearance as a measure of blood flow to the renal 
tubules, it 16 clear that its reduction must he attributed to vasoconstriction, 
for the arterial pressure at the time of the clearance dotemunations was not 
subnormal m Cases 2, 3 and 6, though a pre-existmg hypertension can not 
be excluded in Case 2 The mulm clearance, measurmg the glomerular 
filtration rate, was reduced m 3 cases, severely m Cases 2 and 4, and 
moderately m Case 6, and was greater than normal m Case 3 The filtration 
fraction was high m Cases 2 and 3 (38% and 36% respectively), low in 
Cases 4 and 5 (14 6% and 12%) Smith (27) has provided cogent reasons 
for regardmg the filtration fraction as an mdex of the relative tonus of the 
afierent and efferent glomerular artenoles, afferent constriction producmg 
a fall and efferent constnction a nae m this fraction How the filtration 
fraction would he affected by the mtervention of the cortico-medullary 
shunt mechanism is uncertam , theoretically if the shunt acts by short 
circuitmg blood before it reaches the afferent glomerular arteries, such a 
shunt should affect mulm and diodone clearance m the same direction, and 
to the same extent, and should not alter the significance of any deviation 
from the normal m the filtration fraction The vanabihty of the filtration 
fraction m the present senes, as m that of Lauson, Bradley and Coumand 
(17), suggests that m some cases vasoconstnction affected predommantly 
the afferent, m others the efferent, glomerular artenoles Philhps and 
colleagues (23) subjected dogs to graded hGcmorrhage and skeletal trauma 
and found that they tended to show high values for the filtration fraction 
m the early stages and low values later on They suggest that when blood 
volume and cardiac output are reduced efferent constnction is first mvoked, 
its effect bemg to mamtam the glomerular filtration rate m the face of a 
fallmg blood flow , later this mechanism is overwhelmed by afferent 
vasoconstnction which tends to cut the kidney out of the circulation 
altogether and which is analogous to the widespread vasoconstnction 
affectmg the rest of the body This hypothesis would fit the facts of the 
present senes well enough were it not for one case, No 5 On every other 
ground this must be reckoned an early case , yet here afferent vasoconstnction 
appears dommant durmg the ischsamic phase 

In concluding that the kidney m these gravely ill abdommal cases is 
affected more or less mtensely by vasoconstnction, it should be pomted out 
that the conclusion apphes only to the cortex The observations here 
descnbed would be perfectly compatible with there bemg a diversion of 
blood from cortex to meduUa of the kidney 

The cause of the renal disturbance A major difficulty m identifying 
taie cause of the renal disturbance here descnbed is that the lesion may 
be o^j slowlj reversible, as for example m the case of alkalosis, and as 
\ an Slyke (30) has shown for the kidney of the dog after temporary complete 
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ischemia Thus m a given case, the lenal picture may bo related can^lK 
not so much to present as to past changes NevertLll m ^ ' T ? 
importance some attempt may be made to define the problem Li t) !> ** 
cases loss of blood, the predommant factor m the sene^ of Black o 
and Smith (4) and of Lauson, Bradley and Coumand (17) can bo lareeh" or 
entirely excluded On the other hand a reduction in blood loliirn uJ 
demonstrated m Case 6. inferred in Case 4 and probable m Case 2 Clnnea 
signs of dehydration were present mitially m Case 4 'which had tho most 
severe renal isehsemia, absent m Case 6 where renal isohEomm vas modorato 
and in Case 3 where renal ischasmia was least and glomerular filtration 
supernormal, excessive hydration had been produced On the present 
evidence then dehydration would seem to be at least one possible major 
cause of the renal lesion and may be suspected of operatmg through a 
i-eduction m blood volume and cardiac output intb consequent mdesprcad 
vasoconstriction Alkalosis is another possible factor in abdommal cases 
treated by gastric suction or alkaha to prevent sulphonanude crystals in tho 
urme, or where vomitmg is a conspicuous feature , but alkalosis was absent 
111 these cases 


The role of tissue mjury and peritoneal infection is more difficult to 
assess At the outset it seemed possible that these might prove major 
causative agents This, however, seems unlikely m view of the results in 
Case 3 where extensive bowel necrosis and peritonitis were demonstrated at 
operation on the day before clearance tests revealed only shgbt renal 
ischaemia It is clear that much more work will be needed to solve this 
problem and for the moment it is enough to stress that the present voik 
suggests the importance of combatmg dehydration by replacement of ivater 
and salt if gross lenal impairment is to be prevented 

Chloride retention A pomt requirmg further consideration is the 
chloride retention found m Cases 2 and 4 and 5 This is by no means a 
new finding Allott (1) described 6 similar cases, 4 of v'hich had an 
intracranial lesion, and Cooke (8) observed chloride retention m some of Ins 
alkalosis cases, often lasting 4-8 dajns after the plasma chlonde had reached 
a noimal level If we accept the theory that chlonde is normally excreted 
m the urine whenever it is above a certam threshold, usually about 95 mEq/I 
(337 mg /lOO ml ) (Allott (2)), the findmgs recorded here can only mean that 
the threshold has been set at an abnormally lugh level m these cases The 
mechanism of this is not clear It is not related to the renal failure, smee 
Case 3 had chloride retention but nearly normal clearances, while Case 4 
had renal failure but no true chlonde retention Allott'a (1) cases showed 
mimmiim excretion of sodium and enormously mexeased excretion of 
potassium, with raised sodium and lowered potassium m the serum , t lo 
h 3 q)othesis that an increased secretion of adrenal cortical hormone was 
responsible is a very attractive one Case 6 in the present senes shoive a 
slight use m serum sodium, but no potassium determinations were done 
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Fvnal Comment This work was prompted by the contmued high 
death rate m battle casualties with abdommal wounds The evidence 
presented shows that gross changes m renal fonction occur m abdommal 
cases of civihan surgical practice and suggest that the changes are due to 
renal ischeemia It would, however, be a grave mistake to suppose that the 
kidney is the only organ affected m such eases, though it happens {o be a 
con\enient one for mvestigation Renal ischsmia is most probably only 
part of a widespread circulatory disturbance, a disturbance uliich if 
sufficiently severe causes death 


SuMMABT 

One case of alkah alkalosis and four of abdommal catastrophe all 
showmg a raised blood urea have been mvestigated with the mulin and 
diodone clearance techmques The case of alkalosis was remarkable m 
that mitially climcal dehydration was associated with polyuria , the tests 
shoved grossly reduced glomerular ffitration rate and effective renal plasma 
flov , changes which recovered only slowly and mcompletely after restoration 
of the acid-base balance of the blood 

The four abdommal cases showed m general the picture of renal ischsemia 
which varied from mild to severe The ischsemia is attributed to cortical 
vasoconstriction but no evidence relevant to the possibihty of a cortico- 
medullary shunt has been obtamed The chief factor m the causation of the 
renal lesion m this senes appears to be dehydration It is probable that 
renal ischsemia is only part of a general disturbance of the circulation m such 
cases, a disturbance which up to the present has not been mvestigated 
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BLOOD CHOLATES IN NORMAL SUBJECTS AND IN LIVER 

DISEASE 


By SHEILA SHERLOCK (Beit Memonal Researcli Fellow) and 
VERYAN WALSHE* 
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London ) 


Bile salt metafaobsm has been investigated less than any other hepatic 
function This has been largely due to the poor analytical methods existmg 
for the detemunation of bile acids m biological fluids The development 
of a more satisfactory technique for the estimation of blood cholates (7) 
stimulated us to study the cholate values m the blood of normal subjects 
and m those sufienng &om hepatic disease The purposes of the work were 
firstly the search for a procedure possibly useful m tbe ^agnosis of mechamcal 
obstruction from parenchymatous jaundice and secondly the elucidation of 
the mechanism of the changes m blood chohc acid concentration by comparmg 
results obtamed with the histological appearances m hver biopsy sections 
(21) 

Clinical material 

Li all, 60 normal subjects and 110 patients with disease mvolvmg the 
hver have been studied 

Normal subjects were usually members of the hospital staff A few 
patients convalescent &om non-hepatic diseases were mcluded The serum 
bihrubm concentration m every subject was less than 1 0 mg /lOO ml 

Acute hepatitis (60 cases) This group mcludes simple infective hepatitis 
(29 cases), jaundice following plasma mfosions (4 cases) and jaundice 
occumng durmg the course of arsemcal therapy for syphilis (17 cases) 
In 30 of these patients one or more aspiration hepatic biopsies were 
performed The biopsy material has been grouped accordmg to the extent 
of hver cell damage m order to compare the histological changes with the 
chemical findmgs (Fig 3) The method of biopsy has been described 
previously (22) 


• One of us (V W ) s in receipt of a maintenance 
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Cvrrhosta of the, hver (20 cases) The diagnosis in each patient was 
confirmed by study of hepatic histology Tu'o groups, “active” and 
“ latent ” were recogmsed (22) 

Obstructive jaundice (21 cases) In every mstance there was complete 
obstruction of the common bile duct confirmed at operation or autopsy 

Intermittent obstrudive jaundice (6 cases) This group moluded three 
patients with gallstones and smgle examples of xanthomatous biliary 
cirrhosis, traumatic stneture of the common bile duet, and carcinoma of the 
ampulla of Vater There was varymg stool colour with fluctuatuig presence 
and absence of urobilmogen m the urme Urobihnogen was present m 
the urme at the time of withdrawal of blood for the cholate estunation 

Secondary he'patic malignant disease (7 cases) In every mstance tlie 
diagnosis and the extent of hepatic mvolvement were confirmed by autopsy 
Cases with jaundice due to occlusion of the common bile duet were excluded 

Haemolytic jaundice (6 cases) In every mstance a constant reticulo- 
cytosis was demonstrated m the penpheral blood and there was urobilmuna 
and hepatic siderosis 

Methods 


Eetumatwn of blood cholales A modifation of Jo»ephson’8 (IMS) 
method waa Med This is based on the reaction m which a blue coloar b 
obtamed when bile salts are heated with 46-60 per cent v)t salphime wd 
and a dilute solution of ftirfurol (4) Accurate rranlts can only be obtamd 
If pure reagents are used and aU mteifermg snbstancM are first rer^jed 
from the blood 10 ml whole blood are withdrawn from an antecabital 

(60-40) contauung saturated banum hydroxide (5 ml ) lAouis’ 

UepU the Jintnre ean^ 

standii^ IS ^ ^ sulphuric acid and the pH brought 

precipitated with a smgle drop oi p a volume correction is 

addmg one or two drops of glacial aeeto a^ 26 ml wwm q ^ 
to 2 0 ml blood) are pipetted into “ . Tto fcrfural is redistilled 

80% t/v) and aqueous furfural ® He eontenta of the tuhea 

immediately before makmg np the ^ ^ o , i o foj. 15 minutes The 

are weU mixed and heated m a w^r bath at ± ^ ^ photo-electnc 

blue colour is then maximal The coo ^ ^ blank prepared 

colorimeter, usmg a Chance ^ chohe Icid (HopkuM and 

by suhstitutmg water for blood ffltxate » 

Wilhams) was used as the standard and ^uhs 
cahbration curve constructed for the color 
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The results are expressed as mg sodium cholate per 100 ml blood 
The recovery of cholates &om vhole blood has heen checked by a number of 
analyses, many m duphoate (Fig 1) 



Fig 1 Fig 2 

Fig 1 Tho recoieiy of added cholata from normal blood The dotted Imes represent the 
range ± 3 8 D where 8 J) is the standard deviation of the diJSetence between chohc acid 
found and that added 8J) = 0 61 mg per 100 ml 

Fig 2 Histograms of the frequency distribution of blood cholates m normal subjects, acute 
hepatitis and obstructive jaundice 

Oeneral biochemical methods The estunations earned out were the 
scrum bihrubm (6), alkahne phosphatase (13), total cholesterol (20), together 
with the total and differential serum proteins (14, 15) 

Results 

The results of the complete senes are summarised m Table I 

Normal subjects The blood cholate concentration lay between 0 2 
and 3 0 mg/100 ml (Fig 2 ) 

In 6 normal subjects the blood cholate concentration was estimated 
at ■neeklj' intervals for 9 weeks (Table II) Simultaneous serum bihrubm 
estimations in 4 of the subjects were always below 0 5 mg /lOO ml , m one 
it fluctuated between 0 6 and 1 2, the changes occurrmg mdependentlv of 
changes in the blood cholate values In three normal subjects the blood 
cholate concentration was estimated at mtervals durmg the day (Table TTT ) 
The dmmal \anation is shght, mconstant and unrelat^ to absorption from 
the mtestme 
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TABUS I 

Biochemical resUlla %n 110 eases of hver disease 


Throughout this table, figures m normal type are mean values, figures m italics are siamlnrd 
errors of mean values, and figures m brackets are observed ranges of venation of results 



No 

of 

coses 

Blood 
cholates 
mg /lOO 
ml 

Serum 
bihrubm 
mg /lOO 
ml 


Serum 

oholes 

tAITlI 

Scrum proteins 
e /lOO ml 


Total 

Albumm 

Globulin 

Normal 

50 

1 55 

0 012 
(0 2-3 0) 

(0 6-1 0) 



(6-8) 

(3 4-6) 

(1 5-3 0) 

Acute 

hepatitis 

50 

2 76 
; 019 
(0 6-5 4) 

6 91 

OGO 
(1 6-18) 

17 

0 99 

! (4-35) 

MSM 

nllB^ 

6 08 

1 013 
(6 6-9 6) 

3 07 
OOSl 
(2 7-6 2) 

3 01 

OOSO 
(1 7-4 0) 

Hopatto 

cirrhosis 

Active 

Latent ^ 

1 

1 

1 

1 06 

0 24 

(0 6-4 0) 


14 9 
134 , 
(7-27) 

192 3 
S6S 

(116-361) 

66 

0 64 

(6 1-8 1) 

Efll 

lM2|n 

35 

031 

(2 8-4 4) 

a 

141 

(0 6-2 0) 

0 63 

(0 6-0 8) 

13 4 
(4-24) 

(167-196) 

66 

(5 0-7 0) 

43 

(3 1-6 2) 

23 

(1 1-2 8) 

Obstructive 

jaundice 

Complete 

Intermittent 

21 

40 

0 37 

(1-8 0) 1 

119 

13 

(4-27) 

47 

63 

(20-136) 

210 

412 

(121-600) 

66 

016 

(6 0-7 7) 

37 

012 

(2 7-4 7) 

29 

013 

(18-4 2) 

0 

141 

(0 8-2 2) 

53 

(1 9-13) 

36 

(26-120) 


63 

1 (6 9-9) 

36 

(3 1-4 2) 

37 

(2 0-4 4) 

Hromolytic 

jaun^ce 

0 

1 47 

(0 2-3 0) 

16 

(0 6-2 9) 

10 7 
(4-22) 

146 

(127 181) 

68 

(0 4-7 1) 

44 

(3 6-4 9) 

24 

(16-3 4) 

Secondary 

malignant 

■ 

21 

(10-3 0) 

0 83 

(0 6-1 8) 

14 6 
(6-3 2) 

184 

(161-243; 

58 

(6 4-6 7) 

35 

(2 04 4) 

9 ^ 

(10-3 0) 


TABLE n 


Bestinff levels of blood cholates in 6 normal subjects over a period of 9 iveeU {mi, flOO ml) 


Subject 

! SC'C 

1 

1 

Weeks 



1 

1 

i 2 

3 

4 


6 

7 


! 0 

1 . 

P 

F 

20 

22 

20 

1 

1 10 


00 

10 

( 

1 1 5 

1 

L i 

F 1 

25 

26 

00 

16 

10 



MM 

1 OU 

1 1 8 

H 1 

M 

1 1 ! 

06 { 

1 2 i 

06 




mM 

— 

^ 0 

T 

1 

M 

0 76 

20 

16 

00 

n 

11^1^ 

10 ] 

1 

U U ] 

L6 

1 

W 

F ! 

0 76 

■ 

1 0 

1 2 

16 

1 


s 

20 1 

1 

1 0 1 
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TABLE HI 


Blood cholates, (mg /lOO ml ) 

Subject 

Sex 

1 8 ajn 



' 12imdiu^t 

W ^ 

F 

j 07 

1 0-6 1 

1 

05 

09 

H 1 

i 

1 04 

' 07 1 

04 

08 

B 

1 

51 

, 

07 ; 

1 

04 

08 


Vanation in blood cholates in 3 noimal subjects 
i\Ieal3 were taken at 8 16 ajn 1 pjn 4 16 8 pjn. 


Acute hepatitis The results obtained \rere much more variable (Fig 1) 
and the mean value vas higher than for normal subjects A significant 
positive correlation existed between the serum bihrubm and blood cholate 
concentrations There was no correlation with serum alkahne phosphatase, 
cholesterol or the serum proteins 

Hepatic histological sections were available m 30 instances Comparison 
of the extent of hepatic cell damage with the blood cholate values showed 
that, although there is an mcrease of doubtfiil significance m the mean values 
recorded m grades A and B, there is no significant change m the mean of the 
three more severe grades (Fig 3) 
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Grade 

A 

B 

c 

D 

Proboble pnccntaqc 
turvmw) Iner cells 

73-100 

50-75 

25-50 

c25 

Mean blood cholote 
level mq/lOOmI 

20 

28 

26 

3 1 


Fig 3 Acuto hepatitis the blood cholate lalues m the histological grades of increasing 
Eoiont} from A to D 

The le\el is highest earlj m the disease, falhng with recovery This 
IS shown u hen the patients are grouped mto those early m the ictenc phase 
inth rismg scrum bihrubm concentration and urobilmogen absent fixim the 
urine, and those later m the ictenc phase with falhng serum bihrubm and 
urobilinogen present m the unne (Table A sigmficantly higher mean 

blood cholate concentration occurs m the first group The mean serum 
bihrubm concentration and duration of jaundice are not sigmficantly different 
m the two groups 
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TABLE rv 

Blood choltc ocui tn acute hepotttis at the etaffe of tnceeastnff and difntmehintj 

jaundice 


Figures give mean values inth the range of observations indicated in brackets 


Stage of disease 

m 

Mean duration 
jaundice 
(days) 

Mean serum 
bihrubin 
mg /lOO ml 

Moon btootl 
oholatoi 
mg /lOO ml 

Bismg serum bihrubin 
Urobilinogen absent in unno 

1 

Hmnumi 

iBHH 

■■■■III 

38 

(6 4-0 0) 

Falling serum bilirubin 


13 


203 

Urobilinogen present m urme 

H 

(36-2) 


(4 6-06) 



Fur 6 Obstiuctive jaundice The duration ot jaanaii™ 

L blLmbm. 0—™ U« (Op , .» -»>«l 

to hospital and the time of surgical relief of the 

, . ^ t^etlenta 16 lUustrated {Fig i) 

The course of the blood cholates are usually the highest In 

The levels roooided on adnnseion o J show »n moteaso 

only 2 of 28 patients did senal . j patients the Mood cholato n os 

pte the tot week m hospital to bjppbin oonosntoition had 

Mowed at weekly intervals nntil the senim 
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fallen below 2 mg /lOO ml Even though the blood cholate value initially 
IS often withm normal limi ts, -with recovery there is a decrease to a lower 
normal value The blood cholate concentration fell m 27 of the 28 patients 
The change m the mean value before and after recovery is statistically 
significant (Table V) 


TABLE V 

Acute hepatitis the serum bihrubin and blood cholate concentration before and after recovery 

tn 28 cases 



Mean 

duration of 

1 

Serum bilimbin | 

mg/100 mL [ 

Blood cholates 
mg/100 mL 


jaundice (days) 

1 Mean 

S E of mean 1 

Mean | 

of mean 

Acute stage 

10 

7 29 

0 73 

3 01 

1 0 25 

After recovery 

29 

145 

0 07 

131 

1 

' 0 14 


With recovery finm hepatitis the fall m the blood cholate concentration 
IS very rapid (Fig 4) The lowest level recorded for that mdividual was 
reached 7 to 14 days before the serum bihrubm had reached 2 mg /lOO ml 

Obstructive jaundice The results obtamed were much more variable 
and the mean value was higher than that for both acute hepatitis and for 
normal subjects (Fig 2) Statistical analysis is not very helpful on such a 
small senes, but there does seem to be a positive correlation between the 
serum bihrubm and blood cholate concentrations There is no correlation 
between serum alkahne phosphatase, cholesterol or serum protems and blood 
cholates The course of the blood cholate concentration m 3 patients is 
illustrated (Fig 6) When there was histological evidence of mcreasmg 
hepatic damage the cholate concentration progressively rose durmg the 
course of obstructive jaundice As late as the 69th and 78th day of jaundice 
the value was still nsmg m the blood In six patients the level was followed 
durmg the illness , m no instance was there any spontaneous fnllmg off 
of the blood cholate concentration In five of these patients surgical rehef 
of the bihary obstruction was possible The blood cholate concentration 
fell to normal very rapidly Normahty was reached before the serum bih- 
rubm or alkahne phosphatase concentrations approached normal 

Intermittent obstruction Even though all the patients were jaundiced 
and showed a raised serum phosphatase concentration the blood cholate 
values were normal 

Hepatic cirrhosis Xormal blood cholate concentrations were found 
m all the patients m whom activity of the cirrhosis (22) could not be shown 
by other biocheimcal methods or by study of hepatic histology In the 
active group there was a wide vanation, and although the mean fell withm 
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^PPor limit for 

deeply jaundiced ^ dl or tlio moat 

Jh hepatic cirrhosis, whether active or latent a <- 

ie .ubL«W between the ee™, b^bl'S’MS 

b. JrS'cfrtL’i^t ntr. »» 

Dtscusston ! 

The iwde differences in the levels of bile acids reported m the blood of 
normal subjects-from none at all (16, 18. 29) to 100 mg /lOO ml (27) have 
een noted may be attnbnted to the vanous analytical methods used 
Many were unspecific and interference by cholesterol and hpoids makes the 
results unrehable Moreover, normal values have often been quoted on a 
very small number of observations Workers usmg methods similar to ours 
have reported amiilar results (19, 7) These methods estunate oholates and 
glyco-taurooholates but not deoxychohe acid It is unlikely that the latter 
substance occurs m appreciable quantities m normal blood Apart from 
some nocturnal decrease there is probably no rbytbm in eholate production 
by the liver (11) Large and unphysiological quantities of bile salts mtroducod 
into the intestme of experimental animals produced only a very shght rise 
m the systemic blood cholates (8) It is not surpnsmg, therefore, that the 
contmuous ehmmation mto the mtestme of the normal amount of bile salts 
fails to produce any diurnal vaiiation m the systemic blood eholate values 
BoUman and Mann (1) found that m dogs bile salts were not present in 
the blood or urine after complete hepatectomy, and injected bile salts acre 
quantitatively recovered m the urme After operative exclusion of the hvor 
m cats and rabbits there was a fall m blood bile salts (12) This suggests 
the hepatic formation of bile salts Moreover, m experanental animals the 
formation of bile salts is inhibited by the admmistration of hepatic poisons 
such as chloroform and carbon tetrachlonde (1, 26) In hepatitis m man, 
however, the blood eliohc acid concentration is usually moreased (10, 28), 
an observation confirmed m the present senes However, the expected fall 
with moreasing liver damage in hepatitis was not recorded The discrepancy 
between these finding s m man and experimental animals may be associated 
with the differences in the hepatic pathology In experimental hepatic 
poisomng the hver cells are moat affected, the mtrahepatic bibary tree is 
relatively mtact, Avlieieas m infective hepatitis there is not only hepatic col 
necrosis but also disniption of the hver cell columns with their associated 
mtercellular bile oanahculi (3) There is therefore not only possi y 
dammsbed production of bile salts by diseased hver ceils but also an in or- 
Tuption of the channel foi their excretion Tlie occurrence of the ug les 
blood bile salt concentrations at the phase when urobilm is absent om c 
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unne and the semia bihmbin concentration is rising supports this conception 
Serial hepatic biopsies have demonstrated the very rapid recovery irhich 
usually occurs m acute hepatitis The bile channels are quickly restored 
This comcides ivith the rapid fall of the blood cholate level 

The blood cholate concentration m cirrhosis is very variable (10, 19) 
Normal values have been recorded (26) The vanabihty may be associated 
•with the complex histological picture of hepatic cirrhosis Drmmution of 
the absolute number of hver cells "will lessen the production of bile salts 
the vascular tree of the cirrhotic hver is reduced (17) ■with diminution of 
the amount of blood supphed to the survi'raig parenchyma distortion of 
the bihary tree may impede the exmetion of the bile salts that are formed 
In hepatic cirrhosis the balance between these three factors, and possibly 
others, probably determmes the 'Tanable level of blood cholates 

The changes m blood cholates recorded m obstructive jaundice have a 
simpler pathogenesis than those m acute hepatitis or hepatic cirrhosis 
The nae usually recorded is due to a simple retention m the blood of bile 
salts manufactured by the hepatic cells the exit of which is prevented by the 
bihary obstruction The level is said to fall m the later stages of the disease 
(6, 19) , this IS usually attributed to diminished output of bile salts by the 
hver cells which are known to become mcreasmgly damaged by prolonged 
obstruction (23) In the present senes, however, the blood cholate 
concentration has not diminished m the later stages of unieheved 
obstruction A nsmg blood cholate concentration has been observed for as 
long as three months m several patients sufBermg &om unreheved obstructive 
jaundice Apparently m these cases the hepatic damage produced by 
biliary obstruction •was not of sufficient seventy 'to completely prevent 
chohc acid production 

Dunng recovery from acute hepatitis and foUo'wmg rehef of a mechamcal 
obstruction, the concentration of cholates m ■the blood returns 'to normal 
much more rapidly than does the serum bihmbm value The slow fall m 
serum bihrubm is often at'tnbuted ■to combmations ■with 'tissue pro'tem 
&om which the pigment is but slowly dissociated Bile acids are absorbed 
on to vascular endothelium (9), and m obstructive jaundice accumulations 
have been shoim m liver, muscle and kidney (2) The excretion of bile 
acids 'nould be e'xpected therefore 'to be slow It may be, ho'wever, 
that bile acids are excreted m the bile more readily than bihrubm. This 
suggestion is supported by the rate of disappearance of the 'two substances 
after mtravenous mjection, that for cholates bemg much more rapid than 
that for pigment (24) 

The hver ftmctional changes m hsemolytic icterus are minimal, and it is 
not surpnsmg that the blood cholates values are normal Similarly, m the 
case of mahgnant hepatic metastases there is usually adequate remammg 
hver tissue to mamtam a normal blood cholate concentration 
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The bile acids are probably manufactured solely by the liver, iiliorcas 
serum bihruhm, alkalme phosphatase and proteins are partially formed 
outside the hver and are not influenced to the same extent by factors altering 
the production and excretion of bile acids The difficult 3 ’- m demonstrating 
m hver diseases a strongly positive correlation between blood cholates and 
these other substances is therefore not unexpected As bile acids arc 
probably formed only by the hepatic cells it is regrettable that changes 
m blood cholate are not more frequent m the presence of organic hvor 
disease Blood cholate values are m fact an insensitive mdex of hcjpatio 
dysfunction and have not proved to he the long-sought estimation that -vnll 
demonstrate the lesser degrees of hepatic damage 

The frequently high blood cholate concentration m jaundiced 
subjects, often higher in obstructive jaundice than m acute hepatitis, 
suggests the estimation might have a diagnostic apphcation This is not 
the case (Fig G) Not only is there much overlap of the values for acute 
hepatitis and obstructive jaundice, ‘but 7 of 21 patients with obstructive 
jaundice and 30 of 50 nuth acute hepatitis have blood cholate concentrations 
below the upper limit for normal subjects 
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albumin and globulm, and with the histological appearances of sections of 
hver obtamed by aspiration biopsy 

2 In normal subjects there was no significant diumal or weekly 
variation m the blood cholate values 

3 In acute hepatitis the mean of blood cholates was raised, but results 
were variable Values did not significantly diminish m the patients showmg 
the more severe degrees of hepatic damage 

4 In acute hepatitis blood cholates are highest durmg the phase of 
rismg serum bihrubm and absence of urobilmogen from the urme There 
18 a rapid fall with recovery 

6 In obstructive jaundice values are agam vanable The highest 
values are recorded m this group The blood cholate concentration 
progressively mcreased durmg the course of the obstruction Rehef of 
bihary obstruction results m rapid fall to normal of the blood cholates 

6 In both acute hepatitis and obstructive jaundice a moderately 
sigmficant correlation existed between blood cholates and serum bihrubm 
There was no relation between the values for blood cholates and serum 
alkahne phosphatase, total cholesterol or proteins 

7 In hepatic cirrhosis, whether active or latent, the blood cholates 
were usually normal 

8 In hsemol 3 rtic icterus and secondary mahgnant disease the blood 
cholate levels were normal 

9 Blood cholate values are of no value m the difierential diagnosis of 
different forms of hver disease nor m the detection of mmor degrees of 
hepatic dysfunction 

10 The mechanisms of the changes m blood cholates m hver diseases 
are discussed 
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THE INTRALOBULAR CIRCULATION IN ACUTE LIVER INJURY 


BY CARBON TETRACHLORIDE 

By L E GLYNN and H P HBISWORTH 
{From the Department of Morbid Anatomy and the Medical Unit, University 
College Hospital Medical School, London ) 


A I.ABOE vanety of poisonous substances, of -which carhon tetrachloride 
and chloroform are examples, are especially toxic to the hver Directty 
apphed to the organ they cause immediately a thm layer of coagulative 
necrosis of the hepatic parenchymal cells and, when high concentrations are 
produced m the hepatic blood as by directly mjectmg such poisons mto the 
portal vem (2), a similar immediate necrosis appears throughout the lobules 
of the areas affected When, however, the hver cells are exposed to lower 
concentrations, as occurs when the jKiiBons are given by the less artificial 
means of inhalation, ingestion or subcutaneous mjection a different type of 
damage results Necrosis still develops m the parenchyma but it is neither 
immediate, nor coagulative, nor widespread m the lobule On the contrary 
its appearance is delayed for several hours , its morphological form is 
hydropic , it is limited precisely to the zone of parenchjma around the 
central vems This is the type of necrosis which is seen m man and it ;s 
mth this type that we are concerned at present 

Cameron, Karunaratne and Thomas (3), usmg mtraportal mjections of 
carbon tetrachloride, showed that the hver rapidly removed this substance 
from the blood for they found that the annual would tolerate several times 
the lethal dose, as determmed by mjection mto a systemic vem, if this were 
given directly mto the portal vem This abihty to absorb the poison is 
largely, or even exclusively, a property of the parenchyma for it alone is 
damaged Further it is a general property of hepatic parenchymal cells, 
and not hmited to those m a particular zone, for, after mtraportal mjeotion* 
the cells m all zones of the lobule are affected At first sight, the centnlobular 
necrosis followmg the lower, and more usual, concentrations of the poison 
witbm the liver might seem to unply that the blood, and with it the poison, 
uas concentrated m its passage down the hepatic smusoids to such an extent 
that the concentration of the poison reached levels sufficient to kill the 
hepatic parenchyma But three observations render this explanation 
untenable The centnlobular necrosis does not appear until eight to twelve 
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or by subcutaneous injection, the resulting necVoses do not occS“w S 
concentration of the poison is presumably highest, namely in the pennortal 
zones, but where it is presumably lowest, namely around the central Lns 
estabhshed observation is exphcable in one of two bread ways 
either the local conditions at the centre of the lobule are such as greatly to 
increase the susceptibihty of the parenchymal cells to mjury by to\im 
or the centrilobular necrosis is attnbutable to some other mecLanism than 
a direct action of the poison on the parenchyma J^om the close 
morphological similarity between the centrilobular zonal lesion produced 
by certam hver poisons and that seen after impairment or arrest of the 
hepatic circulation, the possibihty anses that m both mstances a smnlar 
mechanism is at work, namely circulatory msufBciency It was, therefore, 
decided to mvestigate the effect of carbon tetrachloride upon the mtrahepatic 
circulation 


Methods 


The state of the mtrahepatic circulation was visuahsed by mjeotion of 
dye Rats were anaesthetised with ether and the hver and spleen exposed 
by a midhne abdommal incision 0 76 — 1 0 ml of freshly filtered Mandarin 
black* was rejected slowly into the spleen through a fine needle, the injection 
taking 60 seconds The circulation was then immediately arrested by 
clamping the aorta and inferior vena cava just above the diaphragm The 
vessels in the portal fissure were hgated, the hver removed and suspended, 
with its vessels still hgated, m 10 per cent formol saline After two hours 
fixation thin pieces were cut and returned to the fixative for a further 
twenty-four hours 


Albino rats of the Wistar strain weighing between 180 and 250 gms 
were used They were kept for several days on the laboratory stock diet, 
but were not fed on the morning of the experiment Water was provided 
re unrestricted amounts Carbon tetrachlonde (Analar) vas rejected 
subcutaneously re a dose of 0 2 ml per 100 grammes of body weight At 
intervals of approximately 2, 4, 8, 12, 18 and 24 hours the state of the 
intrahepatic circulation was detenmned by the technique desenbed above 
Control animals, which had received no previous rejection of carbon 
tetrachloride, were studied re the same way 


* A preparation of waterproof carbon ink made by and 

England The particle size in a filtrate tbrough Whatman s No 1 paper d 
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Sections were cut at 15 (jl by the freezing technique and stained with 
Elirlich’s acid heematoxylin After paraffin embedding, sections cut at 6(Ji 
were stamed with hsematoxyhn and eosm 


Results 


Macroscopic In controls the ink flowed rapidly through the hver 
and lungs and into the systemic arteries On beginnmg the mjection the 
left half of the hver u as, in almost all cases, well mjected before much dye 
flowed into the nght half , but, as the mjection contmued, all lobes of the 
hver became blackened At flrst the mjection flowed more readily mto 
some areas than mto others, even m the same lobe, but, at the end of one 
mmute, the hver was uniformly black 

Two hours after mjection of carbon tetrachloride, the entrance of the 
dve into the hver was slower than normal but otherwise showed no new 
feature 


Four hours after mjection of carbon tetrachloride, the dye flowed slowly 
into the hver, sharply reveahng a reticular pattern instead of smoothly 
blackenmg the whole organ, as m the earher specimens 

Eight hours after mjection of carbon tetrachloride, the greater part 
of the hver showed the reticular pattern without difiuse blackenmg, but 
mtense blackenmg of the hver occurred m a few small irregular patches 

Twelve, eighteen and twenty-four hours after mjection of carbon 
tetrachlonde, the entrance of the dye was slow By the end of 60 seconds 
it had difliised fairly uniformly through the whole hver, but small irregular 
patches were mtensely mjected 


Microscopic Sections of hver from the control animals showed uniform 
fillmg of the smusoids which were well mjected from the portal tracts 
to the central veins (Fig 1) Two hours after carbon tetrachlonde there 
w as dcflnite impairment of blood flow as shown by the poor and irregular 
penetration of the smusoids In some lobules the mjection had failed to 
penetrate even into the penportal smusoids and m the majonty had failed 
to reach the central zones (Fig 2) The hepatic cells throughout the lobule 
appeared swollen and m the centnlobular zone fine vacuoles were present 
in the parenchyma so that it stamed more hghtly At four hours (Fig 3) 
the impairment of the smusoidal circulation, as estunated by the penetration 
at the mjection, was even more pronounced than at two hours and the 
change m the central cells uas more conspicuous At eight hours hydromc 
degeneration of the central cells was already apparent Closure of 4e 
sinusoids was still a stnkmg feature, but it lacked the uniformity shown 
* 1 * penetration of the mk havmg occurred m a few irregularly 

twenty-four hours (Fig 4) centnlobular 
zonal hjdropic degeneration and necrosis uere severe In the majonty of 
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Discussion 

Ihe effect of carbon tetrachloride on the mtrahepatic circulation has 
been studied ^ tnoo by Wakim and Mann (24), usmg the quartz md technique 
of Kmsely (13 14) On momentarily holding a swab soaked m carbon 
tetrachloride to the nose of a rat under urethane anesthesia they observed 
an immediate, but transient, constriction of the smusoids Rats ovposcd 
to carbon tetrachloride vapour for periods as long as thuty minutes shoMod 
severe and persistent reduction of the mtralobular circulation mth obhteration 
of many smusoids In these, twenty to twenty -four hours aftei exposure, 
most of the smusoids were obhterated, the majonty of those still patent 
bemg supphed by the hepatic artery Two to four weeks later the appearance 
of the liver and its circulation had returned to normal Subcutaneous 
injection of 0 1 ml of carbon tetrachloride produced similar changes Using 
a similar technique, Loeffler and Nordmann (16) had pieviously obsorvocl 
a sharp narrouing of the smusoids m mice and rats withm fifteen minutes 
of inhalation of chloroform, the portal vems meamvhile remammg quite 
patent These changes persisted for several hours After ten to twenty-four 
hours the centnlobular smusoids dilated but the blood flow was still retarded 
Return, to normal was gradual, takmg from three to ten days 


These results of direct in vivo microscopy are therefore m general agree- 
ment wnth those obtamed by in vivo mjection There is, howevei, some 
discrepancy m the time relationships This is probably due to the less 
physiological nature of the mjection method, which might itself senouslv 
affect the cueulation Wakim (22) has mdeed shown that the normal 
mtermittent type of flow, m which 76% of the smusoids aie mactive (Walom 
and Mann, (23)), changed to 100% activity withm a few minutes of an 
intravenous injection of Trypan blue or Indian ink The patchy injection 
of the hver observed m the jBrst few seconds following mtrasplenic mjection 
of Mandarm black and the subsequent rapid diffusion, more or less unifomly, 
mto the rest of the liver is no doubt the visible expression of this effect 
The final mjeotion picture m any individual case is therefore the resultant 
of the dilatmg effect of the mk and the constriotmg effect of the car on 
tetrachloride This probably explains "wby m our expenments lelativey 
good mjections were obtamed at a time when, according to the resu s 0 
direct mioroBOopy, the smusoids should still have been tightly cons nc c 
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It having been estabbshed by tn vivo microscopy and by injection that 
the hepatic circulation is seriously unpaired following esposure to carbon 
tetrachloride, it may well be asked to what extent does this circulatory 
impairment contribute to the production of the hver lesions characteristic 
of carbon tetrachloride poisomng ^ Extreme impairment of the mtralobular 
circulation can be produced by hgation of the vessels , but the results 
of hgation of the hepatic artery or of the portal vem vary m different 
species and with the circulatory state of the mdividual animal (19) In 
all cases, however, where both vessels are hgated, necrosis occurs rapidly 
(15) , even when the hepatic artery alone is hgated necroses may be 
macroscopically visible after four hours (4) and are always marked after 
tiielve hours The impairment of the hepatic circulation mduced by carbon 
tetrachlonde persists for at least eight hours and duimg the whole of this 
period the mtralobular parenchyma is relatively ischsemic Ligation of the 
large vessels supplying the hver shows that ischiemia is most severely felt 
m the central zone of each lobule (4, 19) The development of a similar 
centnlobular necrosis, occumng at the expected time after an ischsemia 
has been mduced by carbon tetrachlonde, mdicates the possibihty of a 
common basis It is suggested, therefoire, that the centnlobular necrosis 
produced by carbon tetrachlonde is the expression, not of a direct toxic 
action of that poison, but of an ischaemia of the centnlobular region 

It IS not yet possible to attnbute the necrosis of the hver cells consequent 
upon ischaemia to the depnvation of any one of the mnumerable blood 
constituents But two, oxygen and the sulphur-containing ammo-acids, 
deserve special consideration Anoxia alone can cause the degeneration 
of the central hver cells (17) The lesions produced m hyperthyroid animals 
exposed to low oxygen tensions for several hours are mdistmguishable ftom 
the zonal necroses produced by carbon tetrachlonde (18) Oxygen protects 
the hver against mjury by chloroform (8) or carbon tetrachlonde (7) More- 
over the figures for oxygen saturation of the portal and hepatic vem blood 
dunng chloroform ansesthesia obtamed by Goldschmidt, Ravdm and Luck6 
(8) mdicate a considerable degree of hepatic anoxsemia Finally, the first 
evidence of anoxia is a fine vacuolation withm the parenchymal cells and, 
when anoxia persists, this progresses to hydropic degeneration (21) Exactly 
the same sequence of morphological changes is noted m the centnlobular 
colls after exposure to carbon tetrachlonde The sulphur-containing ammo- 
acids, cystme and methiomne, also play an essential part m mamtammg 
the mtegnty of hepatic parenchymal cells Dietary deficiency of these 
substances, if mamtamed, results in extensive hver cell necrosis (6, 11) 
Local depnvation of these ammo acids may play an important part m 
ischsemic necrosis It is not improbable that the stnkmg effects of the thio- 
aimno -acids m reduemg the susceptibihty of protem depleted dogs to hver 
injury by chloroform (2, 20), may result from the mcreased blood level of 
these substances compensatmg for the mtralobular depnvation consequent 
upon ischsemia 
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Constnction of the intralobular sinusoids after exposure to carbon 
tetrachlonde could anse in one of two ways , by an action on the sinusoids 
themselves, or by their compression from without by the swollen paronchynm 
The smusoids might be affected either by a direct constnctmg effect of 
carbon tetrachlonde on them walls, or by a nervous reflex The latter 
eitplanation was suggested by Loeffler and Nordmann (16) and there is 
evidence that the general intrahepatic circulation is under some degree of 
nervous control (6, 9), although none that carbon tetrachlonde acts in this 
way Such an action on the smusoids, however mediated, might veil 
explam the transient constnction followmg momentary exposure to carbon 
tetiaohlonde (24) and m that case the possibihty can be entertained that the 
swelhng of the parenchymal cells, after a longer exposure, is the result of a 
more prolonged constriction But there are other conditions wth centri- 
lobular degeneration in which such an explanation does not seem tenable 
A similar necrosis may occur when the hver is grossly mfiltrated mtli fat (10) , 

It also occurs when the organ is loaded with mert substances like the polyvmyi 
alcohols (12) In the former narrowing of the sinusoids has been 
demonstrated (16, 7) In both these cases the swelhng of the parenchyma 
18 evidently due to the accumulation inthm the cells of a substance winch 
fteK M no roMon to believe bee eny pbsrmecole^oal 
Bmnaoids themselves If swelling from snob snbBtom*B oan lend to 
cSSnl!r Zoneration it le Lptobeble thet the mom pmneence 
swelhng of the ^renohynm dne to carbon tetrachlonde would he witboat 

wonears therefore, that the restnetion of the mtralohelar eimoWics. 
whi wZe"aiter e^snre to carbon tetrachlonde ™gh ae^ 
to to Bwelhng of the parenchyma 

observed for^u” charaiW leoahsation m Uic 

necroses, hut particularly *0 resolve the problem as to 

centrilobular zones Such the lobule, where the 

why necrosis develops m the f 8^v;8 unscathed 

concentration of poison is low, wbffe p indicates how 

at the periphery whem the Vlver to poisons and 

anoxia or malnutrition mcrease ^ c ^ stores its normal 

how admmistration of oxygen, or appropnate feeding, 

resistance to such poisons 
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Fig I (/'(]'>) Li\er from control rat showing the extensile penetration of the smusoids 
h\ tn tiro injection of Mandann black 



tig - (y fi'i) I I'er from mt two hoiira after subcutaneous injection of carbon tetrachloride 

The siiui Olds arc e\trcmch narrowed and the injection mas, scarceK penetrates lieiond the 
jicnjiortiil rone 




















LOW BLOOD PRESSURE IN DIABETIC COMA 


By STTETT.A HOWARTH, J MoMICHAEL and 

E P SHARPEY-SCBAFER * 

{From the Department of Medicine, British Postgraduate 
Medical School ) 


It has long been recognised that m the later phases of diabetic coma the 
blood pressure may fall to low levels, and that this change is often irreversible, 
death foUowmg withm a few hours Thus Collen (2), m a senes of 316 cases 
of diabetic coma, found a mortahty of 86 per cent m patients who had a 
systohc blood pressure below 60 mmHg Efforts to raise the artenal 
pressure b}' drugs have been on the whole unsuccessful, while large 
mtravenous mfusions, given m the beUef that the falhng blood pressure 
was due to a diminished blood volume and a decreasmg cardiac output, 
have frequently resulted m pulmonary oedema 

Analysis of low blood pressure states depends on the prmciple that 
mean blood pressure vanes directly with the product cardiac output X total 
penpheral resistance If the mean artenal pressure is low, then either the 
cardiac output or the total penpheral resistance, or both, must be diminished 
This prmciple has already been apphed to the analysis of other low blood 
pressure states In the “ famt ” or vasovagal reaction occumng durmg 
or after acute bleedmgs, the low blood pressure is due to dimmished 
penpheral resistance from muscle vasodilatation (1) while m later phases 
after hsBmorrhage both penpheral vasodilatation and lowered cardiac output 
may play a part (4) 

The same pnnciple has been apphed to the analysis of cases of severe 
diabetic coma and the results are presented m this paper 

Methods 

The methods used have been descnbed elsewhere (6) Cardiac 
cathotensation was performed to measure nght auncular pressure and to 
obtain samples of mixed venous blood Artenal oxygen saturation was 
obtained from analysis of artenal blood samples Satisfactory measurements 


• Ono of us (S H ) IS mdebted to the Medical Research Council for a personal grant 
Biochemical estimations vrere made m the School laboratories (Director Professor E J Emg) 
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of oxygen consumption -were made m Case 2, (204 c c /nun ) and m Case 10 20 
(not included in the present senes) Case 10 29 had an oxygen consumption 
of 272 c 0 /mm and other data on this case ivere as follows systoho blood 
pressure 76 mmHg, heart rate 88 per mmute, right auncular pressure 
9 cm below sternal angle level, artenovenous oxygen difference 42 o o |htro, 
and cardiac output 6 6 htres/min The blood sugar m this case was 408 
mg /lOO c c and the GO, combmmg power 9 vols/lOO c c In the remainmg 
cases, records of oxygen consumption were not satisfactory omng to the 
difficiilty of preventmg leaks in comatose patients An average figure 

TABLE n 
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C 
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Fig 1 Treatment and progress record of Case Kb 1 
A = Digoxm 1 5 mg mtravenonsly 
B = Fitressm 10 muts mtravenonsly 
C = Fitressm 10 muts i \ 

D = 100 c c saturated soda bicarbonate mtTa\ enously 
E •= Fitressm 10 umta iv 
F = Coramme 4 c o uv 
G = Fitressm 10 nmts iv 
E = Fitressm 30 muts added to dnp 
In this and m subsequent figures GS = 10% glucose sabne 

RL = Ringer lactate solution. 

KaHCO, c c = isotomc solution. 

KaHCOj g = soda bicarbonate dissoKed m dnp fimd. 
Fitressm 10 muts intravenously produced an mitial temporary nse m blood pressure, but 
subsequent mjcctions had bttle effect Arterial oxygen saturation showed a steady fall 
throughout to a low te rmina l figure 



Fig 2 Treatment and progress record of Case Ko 2 
A = Methedrmo 16 mg mtravenoudy 

The m crease m cardiac ou^ut at the 3rd hour was associated with an mcrease m heart rate, 
and a further fall m blood pressure indicated mcreasing vasodilatation. 
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Total poiiphoral lesiBWa was oalcalatea ftoffl tto formala - 

TPR — Mean B P 


cardiac output 

“is 

^nvenieat. sm» vanous spasm, sariy ™aoas thrombosis^rw 
totmrbanoe of the patient were avoided Insnlm was given both mtra- 
euowly and intramuscularly the doses used are reported m Table I 
Blood sugar estimations were performed on capillary blood by Hardinc's 
method, and blood mea. GOj combinmg power and plasma cblondes on mixed 
veno^ blood by the methods of Nessler (Jackbean), van Slyke, and Kmc 
and Saslewood respectively ° 


RmiUs 

Initial circulatory and biochemical data m 6 cases of severe diabetic 
coma are shown m Table I, and details of the subsequent treatment m Tigs 
1 to 6 A severe degree of acidosis existed m every case Cardiac output 
was above the normal average (5 31 /mm ) m i cases and normal m 1 The 
nght auricular pressure was withm normal hunts or shghtly raised m every 
case Three of the cases showed an mcreased heart rate Total penpheral 
resistance was always markedly reduced, and there was evidence that 
vasodilatation might persist m spite of successful treatment a sixth case 
with a low blood pressure on admission xvas studied 14 hours after the 
commencement of treatment when the urme was sugar and acetone free 
(Table II) Cardiac output was still high and penpheral resistance low at 
this time A further observation one month later showed a normal 
circulatory state 

Effects of treatment 

(а) Ghicose, tnsuhn and alkahes In Cases 1 to 6, treatment was 
unsuccessful and the patients died Though the total fluid given mtra- 
venously (1300 — 3240 o o ) did not seem excessive m view of the dehydration, 
a progressive fall m arterial oxygen saturation w'as noticed m the termmal 
stages, and pulmonary oedema was present at autopsy m the four cases so 
exammed In spite of the large doses of msuhn used, the blood sugar level 
was httle affected The correction of the blood acidosis by alkalies added 
to the glucose salme infusions m three cases failed to alter the circulatory 
state 

(б) Vasoconsindor driigs Attempts to raise the artenal pressure by 
Methedrme (d-N-methyl amphetamme hydrochlonde) resulted only m a 
transitory nse , a second injection was given m one case without effect 
Intravenous pitressm, 10 units, raised the blood pressure for a quarter o 
an hour m one case, but three further mjections produced only sma 
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Fig 3 Treatment and progress record of Case No 3 

A =: Methedrme 30 mg intramuscnlarly 
B =3 Methedrme 60 mg mtramnscularly 

There was a small nse of blood pressure after an mjection of methedrme, but a later larger 
injection was without effect Arterial otygen saturation showed only a small terminal fall 
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Fig 4 Treatment and progress record of Case No 4 
A = DigoKin 1 5 mg mtnivenously 
At B artcno\enous owgen difference = 41 5 cc /litre 
Cardiac output 0 o 1 /mm 
Arterial oxygen saturation = 83% 

Onh one nrtennl sample was obtamed Percentage oxsgen saturation of right heart blood 
IS therefore plotted and the terminal fall m this saturation was probabh m part due to a 
ilrnimtshing nrtennl orjgcn saturation ^ 

Fig C Treatment and progress record of Case No 5 

The catheter m this case was m the nght innominate r em Percentage oxygen saturation 
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changes, and no effect was noticed when the drug was added to the 
intravenous drip Intravenous digoxui, which often produces a nse m 
arterial pressure, and coramme were both without effect on the blood 
pressure 


Dtsmasion 

Bight auricular pressure may be considered as depending on blood 
volume and on venous tone If there is any diminution of blood volume 
m the later phases of diabetic coma it appears to be fully compensated by 
vasoconstnction, right auneuJar pressure being normal or shghtly raised 
in every case Since cardiac output is normal or mcreased, and there is no 
central cause for the low blood pressure state, httle benefit can be expected 
from mtravenous infusions which raise still further the right auricular 
pressure Such infusions may be dangerous and lead to pulmonary oedema 
and a progressively falhng artenal oxygen saturation It might be rational, 
therefore, to restrict mtravenous fluids to a mmimum 

The low blood pressure m diabetic coma is due to a decreased total 
peripheral resistance, which is below 60 per cent of the normal value The 
site of the vasodilatation has not been detennmed The cool pale sbn 
suggests that skm bloodflow is diminished Decreased arteriovenous oxygen 
differences of femoral vem samples found by Schecter, Wiesel and Colm (7), 
and mtorpreted by them as evidence of decreased oxygen utihsation, may 
also mean that vasodilatation exists m muscle vessels The cause of the 
peripheral vasodilatation is obscure, but it may possibly be related to 
tissue acidosis, smee an apparently similar cuculatory state exists in aspirm 
poiBonmg, uraemia, and the termmal phases of heart failure from emphysema 
(6) Eestoration of the COa combmmg power of the blood to normal, 
however, may fail to check the falhng blood pressure and, after successful 
treatment, vasodilatation may persist for many hours (Table II) Attemp^ 
to combat the peripheral vasodilatation by constrictor drup 
failed The vessels may show a transient mitial constriction, but tli 
appear to become msensitive to farther injection of the drugs The pro em 
of how to mcrease the peripheral resistance and raise the blood pressure 

therefore remains 


SUMMABY 

Cases of severe diateto eome m the low blood pressoie ^ ^ 
mvestigated and the results analysed on the principle m 
pressure = cardiac output X total peripheral resistance 

The low blood pressure is due to a greatly decreased tota penp 
resistance, smee cardiac output is not reduced 

Bestoration of COg combmmg power to normal levels may 
effect on the peripheral vasodilatation 
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The vasoconstnctor drugs pitiessin, digitahs and d-N-methyl ampheta- 
mine hydrochloride (Methednne) fail to raise the loir arterial pressure, or 
show only a small transient effect 

Large mtravenons infusions may cause pulmonary oedema and a falhng 
arterial oxygen saturation 
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THE ESTIMATION OF THE EXTRACELLULAR FLUID VOLUME 
BY THE THIOCYANATE METHOD IN CHILDREN AND ADULTS 


By S A DOXIADISand DOUGLAS GAIRDNER,* 

{From the Department of Child Health, King's CoUege, University of 

Durham ) 


A SIMPLE method for measurmg the extracellnlar fluid (ECF) volume would 
he useful m many chmcal prohlems mvolvmg changes m hydration Previous 
mvestigators have reported rehable results usmg a method where sodium 
thiocyanate (NaSCN) is mjected mtravenously and the volume of body 
water mto which it diffuses is estimated It was flist shown by Crandall 
and Anderson (4) that if NaSCN is mjected mtravenously mto man or 
animals the serum NaSCN level falls rapidly for a time, later faUmg more 
slowly On the assumption that this was due to the thiocyanate becommg 
distnbuted m some fluid compartment of the body, they estimated the 
volume of this “ thiocyanate available flmd ” (TAF) This and subsequent 
studies (1, 2, 6, 10, 11, 12, 13, 21} m animals and man, some of them (10, 21) 
simultaneously estimatmg TAF and sodium space by radioactive sodium, 
sought to define the physiological compartment which was represented by 
the TAF These showed that the latter was closely related to, though not 
identical with the ECF, and that m dehydration the loss of TAF was 
approximately the same as the loss of ECF The method thus seemed to 
offer a means for detenninmg changes m ECF volume m states of altered 
hydration, and has been used for this purpose m adults (8, 10, 16, 18, 20) 
and m a few cases m children (14) 

The present work was undertaken to assess the value of the method m 
m\estigatmg problems of dehydration, particularly m infants , the 
evaluation has mvolved — 

1 Defimtion of the optimum conditions for the determmation of the 

TAF 

2 Bepeated detennmations of the TAF m order to discover witbm 
uliat hmits this vanes m the same subject 


FiwU Herbert, for advice and for laboratory faoflities One of 
us (S D ) IS the holder of a Lucoock Research Fellowship of the Medical School Kinir a CoIlMie 
Durboin Uniiereity 
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ordj to “®* » 

dimensions ^ constant fraction of the body 


1 OP‘‘”«‘’«<>««dUu,n,forthedelm,n<mmof-Uhm^ 

amtlable fluid ” 

r;iEir“‘S“£“»r«?,s«> 

are used ^(6 °19) importance when smaU single doses 

( t iy)i but the presence of toxic impurities was tested for Inr 
giving a rabbit an mtravenous dose of NaSCN eqmvalent to 4 times’ thi 

Ttrof ^ fo® refrigerator the solutions remamed of constant 
strength for at least 3 months 

Dosage of NaSCN to give any required serum level was calculated by 

assuming a TAF volume of 30% of body weight 4-26ml of the solution 

were injected intravenously from a syrmge cahbrated to dehver known 
volumca This injeetion was sometimes made through a needle which 
had been inserted mto a vem for previous blood sampling , it was shown 
that no significant error resulted The vein used for injection was not 
subsequently used for samphng Before the injection a blood sample was 
taken to servo as a blank in subsequent estimations, smce normal sera contain 
small amounts of substances which give a colour reaction similar to 
thiocyanate (6, 7) 


Feme ions react with thiocyanate to form a coloured complex and 
this provides a method for estimatmg small amounts of thiocyanate The 
reagents used by Crandall and Anderson (4) have been employed by all 
subsequent workeis in this field who have tacitly accepted the rehabihty 
of the technique Recently however, Bowler (3) has found that their method 
gives results about 7 6% too low when apphed to serum He has defined 
tlio optimum conditions for the reaction and claims that reliable results 
are thus obtained up to serum concentrations of 6 mg % of NaSGN We 
have used Bowler’s method and estimated the colour mtensity using a 
Hilger-Speicker absorptiometer with Calorex heat screens (H 603) and 
Wi&tten blue filters (No 60, maximum transmission at 4660 A), the solutions 
bemg contamed m cells of 1 cm thickness 3 ml blood provides sufficient 
plasma or serum for the determmation 

Dififerent amounts of a 0 006% NaSCN solution were added to 1 25 ml 
20% tnohloracetio acid and this was made up to 6 ml The amounts 
NaSCN were such that if dissolved in 1 ml the resultmg concentration wou 
range up to 26 mg % w/v It is with this meaning that “ concentration o 
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NaSCN” IB used m giving the resnlts, since m applying the method to 
serum 1 ml of serum was the amount used 6 ml 16% Fe (NOs) j 9 H 2 O 
m IN HNOj TV ere added to the above and the colour developed compared 
Tvith that of a blank of 1 26 ml 20% tnchloracetio acid with 3 75 ml water 
similarly treated Results are shown m Table I 

TABIS I 


Colour tnlennty produced by feme mlralt vnth aqueout eoluhoru of thiocyanate 


NaSCN 

tae% 

Colour mteosty 
(extinotion 
coefScient) 

Number of 
estunations 

AfATlTTlTTm 

deviation 

1 Cram mean 

6 

0110 

7 

2 6% 

10 

0 232 

6 

2 6% 

10 

0 343 , 

6 

10% 

20 

0 461 

4 

16% 

26 

0 661 

2 

0% 


These results show a direct proportionahty between NaSCN concentrations 
and colour mtensity (Beer’s law) up to NaSCN concentrations of 16 mg %, 
each 1 mg % bemg equivalent to a reading of 0 0231 At concentrations 
of 20 mg % or over there is a shght falhng ojBF of colour mtensity 

The method was apphed to serum as follows Different amounts of 
0 006% NaSCN were made up with water to 6 5 ml , 1 ml serum and 2 5 ml 
20% trichloracetic acid were added, the mixture well shaken, left to stand 
10 mmutes and filtered through a Whatman No 42 paper 6 ml of the 
filtrate was treated Tvith 5 ml of the feme nitrate reagent and the colour 
mtensity compared with that of a blank prepared similarly omittmg the 
NaSCN Results are shown m Table II tv here the concentration of NaSCN 
has the same sense as before 


TABLE n 


Colour inteneity produced by feme nitrate vnth thiocyanate tn eerum 


NaSCN 

nJg% 

Colour mtensity 
(extmction coefficient), 
mean of 4 estunations 

Tlftyitnirm 

deviation 
from mean 

6 

0110 

14% 

10 

0 221 

0 4% 

15 

0 329 

0 6% 

20 

0 430 

0 7% 
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Inspection of these figures shoTra that Beer’s W is agam obeyed up to 
NaSCN concentrations of 16 mg %, each 1 mg % being equivalent to a 
reading of 0 0220 Companson mih the results m aqueous solution alms 
a loss of 4: 7%, which is constant and true for all concentrations up to 20 
nig % This IS presumably due to some thiocyanate bemg earned down 
■with tlio precipitated protems 

Using a cahbration curve based on these results mth serum, tbo 
roliabihty of the method was checked by a senes of 9 recovenes using serum 
concentration 6-19 mg % NaSON The mean recovery was 99 8% and 
the ma'Kimum error 2 1 % Recovery of thiocyanate from heparuused plasma 
(0 02 ml or 100 I U heparm to 3 - 20 ml blood) showed similar results 
of 4 specimens of plasma contaanmg 6-20 mg % of NaSCN, the mean 
recovery was 99 2% and the maximum error 2 6% Thus heparuused 
plasma can bo used in place of serum and either has been used according 
to convenience 



of Jsm tho curve obtamed '»«“■ 

(Fig 1) consists of two componra , opjj from the plasma into the 

intoistitial fluid , the ®fJThe second enrve is so smaU that it 

of NaSCN from the TAF The The junction of these two 

may in practice be regarded as ^ diffusion equilibrium is 

Smponints. point B, represents “ d this pomt requires to 

consideied for practical purposes as P » ^ measured The 

TdSlSnmcd m order that "^* 0 Ve tune m uluoh 

disooidanoe of the reeults of this Utter he studied afresh 

diffusion oquihbrvum is utteined q ^ f„„„d 

I„ 8prelmuiaryoKpo™ente«|“^2 ^ an intraveuous 

that the disappearance rate of NahhJS 



EXTRACELLULAR FLUID VOLUME 


261 


injection yielding plasma levels of 4 6 - 12 mg % usually became slow only 
towards the end of the second hour In 7 experiments the disappearance 
curve u as followed from 2 hours up to 6 — 30 hours During this period the 
hourly fall of plasma NaSON varied from 1% to 4% of the plasma level, 
averagmg 1 4% Smce difEusion equihbnum was usually not attamed before 
2 hours, subsequent experiments aimed at definmg the rate of disappearance 
after this time 


Plasma NaSGN levels of 5-9 mg % 17 experiments were performed, 

14 on normal subjects mcludmg 2 adults, 7 children 1 — 12 years and 3 infants 
4-6 months old , m addition 3 moderately dehydrated infants 6-11 
months old were mvestigated The first sample of blood was taken 2 hours 
after mjection of NaSCN and a second sample 3 to 7 hours after mjection 
The percentage of the 2 hour plasma NaSCN level which was subsequently 
lost per hour was — 


m 6 experiments 


91 


99 


6 

6 

1 


99 


99 


0 - 3% loss, 

3 - 6 5 % loss, 
6 6 - 10% loss, 
16% loss 


In view of the erratic results at these levels and of the high disappearance 
rate still contmumg m some cases after 2 hours, lower plasma levels were 
subsequently employed 


Plasma NaSCN levels of 3 - 5 mg % 33 experiments were made on 

21 normal subjects mcludmg 2 adults, 15 children and 4 infants 3-11 months 
of age 

The percentage of the 2 hour plasma NaSON level which uas lost or 
gamed durmg the subsequent 1 hour was — 


m 14 experiments 

0 - 

3% loss. 

1. 8 „ 

3 - 

6 5% loss. 

f 1 5 fi 

66 - 

20% loss. 

III ,, 

0 - 

3% gam. 

II 2 ,, 

3 - 

6 5% gam. 

II 3 ,, 

6 5- 

16% gam 


Results are thus less erratic at these loner levels for m 26 of the 33 
(75%) experiments, the level at 3 hours did not differ from that at 2 hours 
by more than ± 6 6% Age did not mfluence the degree of comcidence 
between the 2 and 3 hour levels 

Li the light of these findmgs the 2 hour value has been accepted as 
sufficientlj' representmg the difiiision equihbnum level only if the level 
durmg the subsequent hour has not altered by more than ± 6 5%, this 
figure baling been chosen arbitranly 25 of the 33 evpenments at low 
plasma leicls and 11 out of 17 at higher levels are thus acceptable for 
determination of the TAT, a total of 36 experiments 
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In view of the vanable rate of disappearance of NaSON between 2 and 3 
hours, both as between different subjects and, as we have also observed, 
between different expemnents on the same subject, extrapolation (16) of 
the disappearance curve back to zero tune (point X, Rg 1) was rejected 
as a method for detenmnmg the equihbnum concentration, and the 2 hour 
value was considered preferable for this purpose 

In order then to calculate the TAP, the amount of NaSCN mjected uas 
divided by the equihbnum NaSCN plasma concentration Attempts such 
as have been made by Lavietes (12, 16) to elaborate the calculation m order 
that the TAP shall bear a closer relationship to the EOF may mtroduce 
larger errors (8, 9, 19) than those they seek to correct, besides requinng an 
estimate of the blood volume 


Urindry excretion of (hiocyanai'e A knowledge of the urmary excretion 
of thiocyanate would be helpful in elucidatmg the factors concerned m its 
disappearance from the ECF 

It was found that the colour developing after the addition of feme 
nitrate reagent to urme contaming knoivn amounts of NaSCN was more 
than double that which could be accounted for by the NaBCN present, 
duo probably to the coloured compounds formed by the reaction of unnary 
olironiogons with ierno ions Such gross inteifeiencc predndes “ “ 

colonmLo method employing » feme salt Premons attempts to do so 

mil bo discussed later 


2 The reliability of '' thiocyanale available fluid" estimations 

In order to cheek the rehabdity of the 
of the TAF Item made m a senes <>f ^^^^‘SilTh.s L 
nero generally employed m » !Zmt of NaOT d the 

achieved bj'^ mjecting a propo I ohort (less than 6 days) As a 

Repeated estimations were made on more 
disoardmg those m which children upon each of whom 2 

:rsi:: it^rna JiSr.. of whom s — were 

^imations were always made « 

r-^t ehtrr 

tT£^eTrd;^^hr en th! estnnations 
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TABLE m 


Vanabxhly of suecanve deitrmtnatioru of “ Ihtoeyanate available fluid ” (T AF) in 

normal rubjeets 


1 

1 

Subject j 

1 

No of 
Expen 
ment 

Age 

(years) 

Interval . 
between | 
successive | 
estimations , 
(days) 1 

1 

Weight 

(kg) 

j 

TAF ' 
(litres) 

TAP 

(% of body 
weight) 

Variation 
m TAT 
(% of 
mean 
\ alae) 

WJ 

(1) 

7 

1 

5 


1 

6 37 1 

1 

33 3 

i 

35 

” 

(2) 




6 18 

32 3 


DG 

(1) 

36 


70 00 

18 40 

26 3 




M 

130 






(2) 



72 20 

18 60 

261 

39 




6 





*» 

(3) 



72 20 

18 28 

1 

25 3 


LT 

(1) 

3 

1 

1 

19 07 

5 07 

26 6 




1 

6 




42 

• > 1 

(2) 

.. 


19 07 

4 86 

1 

25 6 


JU 

1 (1) 

11 



7 69 

j 26 6 ! 

1 


1 


fi 




5 1 

fl 

1 (2) 




8 00 

1 28 0 

1 


DC 

i (1) 

111 

1 


3 26 

26 9 



1 


1 ° 






1 (2) 


1 

1 


2 99 

25 3 


J3 

(1) 

12 



9 07 

28 8 





6 

1 



64 


(2) 



3150 

8 51 

1 27 0 


AB 

(1) 

1 1 • ' 
1 Irt 1 


1 9 02 

! 3 38 

37 4 


1 



44 



1 

6 9 

1 

1 (2) 

j 


9 36 

3 27 

1 34 9 

• 

t 

SJ) 

1 (1) 




17 01 

' 22 0 

1 




129 

■IfM 





(2) 




16 74 

1 20 4 

10 




6 

WeM 


1 


It 

(3) 

JIBH 



15 40 

' 19 9 

1 

PH 


6 


19 75 

! 4 86 

1 24 6 



1 

1 


5 



1 

15 

ffl 

, (2) 

I 


19 75 

! 5 69 

\ 

j 28 8 



3 The relation of the “ thiocyanate available fluid ” to body Height and surface 

area at different ages 

In addition to repeated estimations made on the 9 cases given m Table 
III, single estimations made on a further 16 mfants and children (13 normal, 
3 moderatel 5 dehydrated) fulfilled the criteria of vahditj as defined 
The clmical details of the 3 dehydrated infants were 

Case 1 Age 6 months, male Weight, 6 40 kg Gastroenteritis 
of 7 days duration, ivith a weight loss during this period of 600 gm A 
























































264 


DOXIADIS AND OAIRDNER 


moderate degree of dehydration was shown by the depressed fontnnello 
dry tongue and loss of skm turgor 

Case 2 Age 6 months, male Weight, 7 31 kg Tuberouloue 
memngitis of 1 1 days duration Moderate degree of dehydration as sIiom n bj 
dryness of mouth and early impairment of skm turgor 

Case 3 Age 11 months, male Weight, 8 40 kg Tiiborculoui 
memngitis of 18 days duration Signs of moderate dehydration had bocomi 
evident only durmg the latter 4 days, the weight loss over this latter ponot 
being 300 gm 

The results of these 26 estimations of TAP (takmg the mean value c 
repeated estimations) expressed as a fraction of body weight and of surfnc 
area and plotted against age are shoum in Figs 2 and 3 




infants (oirolcs) 

The TAP as a proportion of body weight 
to 38% and as a proportion of surface area from 
metm the 3 dehydrated cases feU mthm these normal limits 

4 Discussion of results 

Thiocyamte diffusion ^mhbrinm The B^Fig 1) 

to determme the plasma NaSCN leve employing the minimum 

where difiiision equihbnum ^ ^ “ ork was mtended to be appbc^blo 
number of blood samphngs S'"®® f ® ^ . ^^ce Further, if the method 
to infants this latter was of ®P®®' J dehydration samplmgs cannot be 
,s to be apphcable to of hydration might take place 

continued over a long /'"®® "r ^fatment cannot be long delayed 

withm this time and smce imtiation of treatmen 
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The tune required for difiusion to be complete m man has been variously 
found by previous vorkers to be 25-35 minutes (19)> 2 hours (4) and 3 hours 
(10), while most have stressed that m some subjects the tune required may 
be much longer than m the majority Our findmgs have shown that at 
least 2 hours is usually required before there is appreciable slowmg of the 
disappearance rate to the 1 — 4% hourly loss of plasma IfaSCIf which obtains 
after diffusion equihbrium is complete Although m some cases, equihbnum 
may still be mcomplete at 2 hours, later samples mclude mcreasmg error 
from the contmuous slow loss of NaSCN from the TAP The 2 hour level 
was thus chosen as most likely to correspond to diffusion equihbnum, and 
was accepted as domg so if the level 1 hour later did not differ from it by 
more than ± 6 6% This condition obtamed m 75% of the experiments 
using low ( < 5 mg %) plasma NaSCN levels 

Tlie remaimng 25% of these experiments m which the 2 hour and 3 hour 
levels differed by more than 6 5% mcluded 5 experiments where the 3 hour 
level was lower than the 2 hour by more than 6 6%, probably due to diffusion 
equihbnum havmg been incompletely attamed at 2 hours In 3 experiments 
the 3 hour level exceeded the 2 hour level by more than 6 5% , the reason 
for this IS unknown, previous workers (4, 10) havmg also found that the 
plasma level may rise somewhat between 2 and 4 hours 

Rdtabihly of “ thiocyanate atailable fluid ” determinations The agree- 
ment between repeated determinations of TAP (Table HI) was satisfactory 
in 7 out of 9 subjects where values differed by less than 7 % In the remaimng 
tuo subjects, differences amounted to 10%- 15% In one of these subjects 
(S D ) three determinations were made withm a penod of 4 months, the 
u eight remaimng constant dunng this time The second and third 
determinations, which were made withm 6 days, differed by only 2 5%, 
while tlie first determination made 4 months earher differed from the later 
determinations by 10% This raises the possibihty (10) that under different 
climatic or other conations the TAP may vary The only other dupheate 
estimations on normal men were made (10) on four adults , the differences 
lietween repeated estimations ranged from 2 3 to 4 1% Repeated 
estimations on normal dogs showed differences as high as 21% (1, 6, 9) 

Relation of “ thiocyanate aiailable fluid ” to age Pigs 2 and 3 display 
the mdo variation in the normal TAP whether expressed as a proportion 
of bodj w eight or of surface area Por example the TAP (either m terms of 
weiglit or surface) of two mdividuals of the same age and similar nutrition 
and phjsiquc may differ by as much as 50% Previous workers (12, 14, 
17, 19) have found a similar vanation Tliere is some tendency for the 
TAP to decrease with age when expressed as a proportion of body weight 
and to increase with age when expressed as a proportion of surface area 

Estimation of thiocyanate in urine The mterference of urinary 
chromogens with the colonmetnc estimation of urmary thiocyanate when 
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moderate degree of dehydration was shown by the depressed fontancllo 
dry tongue and loss of skm turgor ’ 

Case 2 Age 6 months, male Weight, 7 SI kg Tuberoiibus 
meningitis of 1 1 days duration Moderate degree of dehydration as shown by 
dryness of mouth and early impairment of skm turgor 

Case 3 Age 11 months, male Weight, 8 40 kg Tuberculous 
menmgitis of 18 days duration Signs of moderate dehydration had boconio 
evident only during the latter 4 days, the weight loss over this latter period 
bemg 300 gm 

The results of these 25 estimations of TAF {takmg the mean value of 
repeated estimations) expressed as a fraction of body weight and of surface 
area and plotted agamst age are shown m Figs 2 and 3 




Fig 2 


Fig 3 


Figs 2 and 3 "Thiocyanate available fluid ’’/body weigM 2) and “ ttuMynnt^ 

^available fluid ’’/surface area (Fig 3), m 22 normal subjects (dots) and 3 dohydrated 

infants (oirdlos) 


The TAF as a proportion of body weight vaned m normals from 23% 
to 38% and as a proportion of surface area from 6 9 to 9 8 hires per square 
metre the 3 dehydrated cases fell withm these normal limits 


4 Discussion of resuUs 

Thiocyanate diffusion equilibrium The practical problem Jj®®" 
to detormme tho plasmo NaSCN lerol close to tio pomt (pomt ^ J 

whore diffusion equihbrinm has boon attained. ahJe annlioaHe 

niiniber of Wood eamplmge Since the work was intended to be^apg^^ 
to infants this latter was of special importance Further, * Ijq 

IS to be apphoable to chnieal proWeme of takTploce 

oontinaed OTor a long period since changes of 
Withm this time and smee initiation of treatment cannot g 
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The tune required for difiusion to be complete m man has been vanously 
found by previous ■workers to be 25-35 mmutes (19), 2 hours (4) and 3 hours 
(10), while most have stressed that m some subjects the time required may 
be much longer than m the majority Our find i n gs have sho'wn that at 
least 2 hours is usually required before there is appreciable slo'wmg of the 
disappearance rate to the 1 — 4% hourly loss of plasma UaSCN which obtains 
after difFusion eqnihbnum is complete Although m some cases, equihbnum 
may still be mcomplete at 2 houra, later samples mclude mcreasmg error 
from the contmuous slow loss of NaSGIf from the TAjP The 2 hour level 
was thus chosen as most hkely to correspond to diffusion equihbnum, and 
was accepted as domg so if the level 1 hour later did not differ from it by 
more than ± 6 5% This condition obtamed m 75% of the eiqienments 
usmg lou ( < 5 mg %) plasma NaSGIT levels 

Tlie remainmg 25% of these experiments m which the 2 hour and 3 hour 
levels differed by more than 6 5% mcluded 5 experiments where the 3 hour 
level was lover than the 2 hour by more than 6 6%, probably due to diffusion 
equihbnum haiung been incompletely attamed at 2 hours In 3 experiments 
the 3 hour level exceeded the 2 hour level by more than 6 6%, the reason 
for this IS unknown, previous workers (4, 10) havmg also found that the 
plasma level may rise somewhat between 2 and 4 hours 

Reliability of " thiocyanate available fluid ” determinations The agree- 
ment between repeated determinations of TAP (Table HI) was satisfactory 
in 7 out of 9 subjects where values differed by less than 7 % In the remainmg 
tvo subjects, differences amounted to 10%- 15% In one of these subjects 
(S D ) three determinations were made mthm a penod of 4 months, the 
V eight remaining constant dnrmg this time The second and third 
determinations, vhich vere made withm 6 days, differed by only 2 6%, 
vhilc the first determination made 4 months earher differed from the later 
determinations by 10% This raises the possibihty (10) that imder different 
climatic or other conditions the TAF may vary The only other dupheate 
estimations on normal men Tvere made (10) on four adults , the differences 
botvecn repeated estmiations ranged from 2 3 to 4 1% Bepeated 
estimations on normal dogs showed differences as high as 21% (1, 6, 9) 

Relation of “ thiocyanate available fluid ” to age Figs 2 and 3 display 
the mde vanation m the normal TAF whether expressed as a proportion 
of body V eight or of surface area For example the TAF (either m terms of 
weight or siuface) of two mdividuals of the same age and similar nutrition 
and phj'sique may differ by as much as 60% Previous workers (12, 14, 
17, 19) have found a similar lanation There is some tendency for the 
TAP to decrease vith age vhen expressed as a proportion of body weight 
and to increase vith age when expressed as a proportion of surface area 

Estimation of thiocyanate in urine The mterference of urmary 
chromogens with the colorimetric estimation of urmary thiocyanate when 
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using a feme reagent has been described Two methods have been propo'^cd 
to overcome this difficulty The first (12) employs as blank a unno of similar 
colour to the urine m which thiocyanate is to be measured There is 
however no proof that urmes of similar colour mil develop the same colour 
mteusity with feme reagent The second method (6) consists in diluting 
the urme so as to mmimise the effect of the interfenng substances Since, 
however, the thiocyanate concentration is reduced at the same time there is 
no practical gam The conclusions of these authors as to the urmarj 
excretion of thiocyanate are therefore of doubtful vahdity 

Conclusions It has been shown that by takmg blood samples 2 and 
3 hours after the mtravenous mjection of thiocyanate an “equihbnum” 
plasma level and hence a vahd determmation of the TAI* may be obtained 
only m 76% of subjects rangmg &om infancy to adult Repeated estimations 
of the TAT on the same subject though often agreemg closely may vary 
by as much as 16% In order to improve the rehabihty of the method it 
would be necessary to take a larger number of blood samples and to prolong 
the samplings beyond the 3 hour penod 

The 3 dehydrated infants fall mthm the normals It is clear therefore 
that a smgle estimation of the TAT is unlikely to demonstrate or to measure 
dehydration 

Tor these reasons the method has not proved readily apphcablo to 
clinical problems of dehydration 


SUMMABY 

1 A Standard technique for the determination of the “ thiocyanate 
available flmd ” is described In estimatmg thiocyanate m 

It is necessary to correct for the small amount of thiocyanate lost with the 
1 protem. Heparm^rf plasma be asod m the same 

way as serum 

2 Thiocyanate m urine cannot be estimated by the same method 

3 Repeated determinations of the » Z 

9 normals agreed well m many cases but m o e 

“ ^ The ■■ thmeyanate avaJable flmd ” ph ^rle 

subjects In individuals of the The “thiocyanate 

IvaSe W """rnTdehyd^^^^^ normal hmits 

6 It 18 concluded p^^j^^y'^apphSle te 

available fluid ” is not a method which is reaoiiy pp 

of ohnical problems of dehydration 
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THE ACTION OE ADRENALINE, EPHEDRINE 
AND *METHEDRINE ON THE CIRCULATION IN MAN 


By W J ALLENt 

{From the Department of Physiology, the Queen’s University, 

Belfast ) 


Introdudion 

Thebe are a few methods of measuring the effect of drugs on the circulation 
in mdividual human tissues Usmg the venous occlusion plethysmograph 
Grant and Pearson (6) and Holhng (8) found that small mtravenous doses 
of adrenahne mcreased the hlood flow in human muscle and decreased the 
flow m skm Subcutaneous or mtramuscular administration had the same 
effects (1, 11) The results of other methods of investigation agree with 
these flndmgs 

In the experiments to he described these actions of adrenahne have 
been conflrmed and amplifled by the venous occlusion plethysmograph, 
and ephednne and methedrme have been similarly studied Both are well 
known pressor agents whose vascular effects do not seem to have been 
prenously studied m detail 


Methods 

The subject lay semi-rechmng on a couch m a warm (20°C) qmet room 
Blood flow through the forearm and hand was measured by Barcrofb and 
Edholm’s (3) modification of the method of Lewis and Grant (10) usmg a 
bath temperature of 34 °C for the forearm flow and 32 "C for the hand It 
was found that the most satisfactory hand flows were obtamed when the 
hand was supported at shoulder level or higher The vems of the hand are 
1 ery subject to congestion and if the limb is m a dependent position, or if 
the rubber cuffs used to seal the hand mto the plethysmograph are even 
shghtly tight fittmg, the vems are so filled before the collectmg cuff is 
inflated that the}”^ can accommodate very httle more blood, and poor 


* d N Moth} lamphotomme Hydroohlonde 

flam indobtod to Professor Heniy Barcroft for mooh advics dunng this work and to Mr 
J S Loughbndgo and 3Ir Fatnok Fitzgerald who provided the s^mpathectomized cases Part 
of the c\pcnsc of the work was covered bj a grant from the Medical Ke=earch Council to this 
department 
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readings result When the arm is elevated the hand veins tend to emptj 
and so permit a more prolonged penod of steady filling when the lonous 
occlusion 18 apphed Blood flow results are expressed m cc blood per 
100 c c forearm, or hand, per mmute The pulse was counted by palpation, 
and the blood pressure measured by auscultation 


Measurements of blood flow, pulse and B P were made at 6 niimite 
mtervals until constant readmgs were obtamed before any drug was injected 
Thereafter the experiment was contmued until it became evident that the 
rpn-nTrmTTi effect had been produced, or until no farther important changes 
took place 


The mjectiona were made mto either the deltoid or quadriceps muscles 
The doses of the three substances mvestigated were — adrenalme, iisiiall) 
10 cc of the 1/1000 BP solution (hereafter referred to as 10 mg), 
ephedrme, 60 mg and 90 mg of the natural l-hydrochloride, and methedrme 
20 mg , m 1-2 c c sahne 


Most of the experiments were earned out on healthy medical students 
In the case of the sympathectomized forearms detailed post-operative tests 
were made on three only These tests (finger temperature (9), hand blood 
flow (13) and skm resistance m response to mdirect heatmg and nerve 
block) conducted by others m this department, have shown that m the 
three cases concerned sympathetic control was very shght or absent In 
one mstance ganghonectomy had been performed five years before, m the 
other two the operation of Smithwick (14,16) was employed, the times since 
operation bemg six weeks and one and a half years 


B-bsults 

Adrenaline The dose used was 1 0 mg mtramuscularly The action 

subcutaneous mjeotion the ^ usuaUy lasted no 

FoUowmg mtramusoular f L Ji^ely mild, w 

longer than 10 mmutes, after which they were tremor was the 

oxeSdatoty effects persKtod for » eonsidemble tame 
most persistent manifestation 

The systohe pressure nse was much the ® g ^1) Tlie heart 

pressure fell to a varymg degree, averagmg an mcrcasc of 10 

rate was only shghtly and v^a y ’ showed wide vanation from 

beats per mmute Forearm blood produced Fig 1 shows that m 

case to case but an mcrease was a ^ ^ restmg value 

seven cases the flow rose k> an average of 2^ times 
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ADRENAUNE hOm^. 
(7 CASES) 


EPHEDRINE SOniq. 
(4 CASES] 


METHEDRINE 20 mq. 
(12 CASES] 



Fig 1 Composite curves for intramuscular mjection of adrenalme, ephedrme and methedrme 
m normal subjects In each case, from top to bottom, arterial blood pressure, pulse and 
forearm blood flow (o o /100c c /mm ) Doses and numbers of cases as m figure 

In this and subsequent figures tune is in mmn and the vertical dotted Ime marks the 
mjeotion The mathematical mean B,? is also shown m some cases 


One hour after the injection the B P had begun to fall, and the heart 
rate and forearm flow were still elevated, and palpitation and tremor 
persisted 

In a few cases mtramuscular doses of 0 25 mg adrenalme were tested 
The symptoms and circulatoiy efiects were of the same nature as those 
following the 1 0 mg dose but were much less pronounced 

It seems, therefore, that ordmary mtramuscular doses of adrenalme 
raise the systohc blood pressure, lower the diastohc or leave it unchanged, 
accelerate the heart to a small degree and cause a considerable mcrease m 
the blood flow in the forearm These results agree with those of Eunbel, 
Stead, and Weiss (11) and Abramson (1) who used subcutaneous mjections 

Epliedrine In a similar senes of experiments mtramuscular mjections 
of CO mg and 90 mg ephedrme hydrochlonde were used (Fig 1) The 
action of the substance began later than that of adrenalme, and the full 
cfiect was not attained until 30 minutes after admimstration Some 
palpitation was always produced Mental stimulation was noticed by some 
subjects but was never great Skin colour changes were shght or absent , 
there was an occasional complaint of cold shivers The action of the drug 
extended over several hours The systohc pressure was mvanably con- 
siderably raised, and the diastohc generally so but occasionally unchanged 
and, rarelj , shghtly depressed for a short while Seart rate changes were 





272 


W J ALLEN 


small and irregular, the composite tracmg sho-vnng that the larger clo'sc 
produced a protracted decrease of about 10 beats a minute As m the case 
of adrenaline the forearm blood flow varied irregularly but uns ahinjs 
increased, though to a smaller extent than when adrenahne uas usetl 

Thus intramuscular doses of 60 mg and 90 mg ephednno hydrochlorulo 
differ m effect from those of 1 0 mg adrenahne in that the systolic picssiiro 
is usually more greatly mcreased, the diastohc pressure is either raised or 
unchanged, and is scarcely ever lowered, the heart tends to be sloucd rather 
than qiuckened, and the forearm blood flow is increased to a smaller extent 
than when adrenahne is used 


MetJiednne Tlie dose used was 20 mg m each ease Tins quantity 
of the substance always mduced strong mental effects and, if at night, 
iTiROTnuia, One subject remained sleepless for 1 5 hours after an expeninent , 
another had no difficulty m sleepmg thiee hours after receivmg a total of 
40 mg The composite curve finm twelve cases is shown m Fig 1 
Scrutmy of the mdividual results revealed the foUowmg pomts 

(а) Systohe pressure readmgs were always mcreased, the magmtudo 
of the nse varymg from case to case The first nse began at an 
average of 6 mmutes after mjection and the maximum was reached 
after 16 mmutes The elevation was mamtamed for several hours 

(б) Diastohc readmgs were either unchanged, or mcreased to a smaller 
extent than was the systohe 

(cl The heart rate varied m an unpredictable manner but tended to 
show a certam parallehsm with the forearm flow which uas 
mcreased m all cases to a very variable degree, both from one 
subject to another and m each subject diirmg the course of each 

experiment 


The use of atropine Adrenahne, and similar compounds, acting 

directly on the heart tend to accelerate it, yet m aU the F®™® ^^hiTiTwell 

..y Je » heart rate STho 

known to occur m animals (12) io test wnemei tuo 

acceleration was due to vagal restramt, atropine 

^lueh an mtramnao^r or At tot fte 

aniphate preceded the mjeetien ‘’'f, the acton «s 
mtravenous route was chosen because th pp because 

almost instantaneous, but mtramuseffiar mj administered, though 

the effect was more constant and j j after 30 minutes 

of an mtravenous dose 
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CONTROLS 


ADRENALINE 



EPHEORNE 



METHEORINE 



after atropine 




Fig 3 Intramuscular injoction of adienahne, ephednno and methednne after atropme Normal 
aubjocta In eaoh case from above down, B,F pulse and forearm blood flow 

In the loft hand graphs control mjections of 1 0 mg adrenalme 90 n^ ephednne and 
20 mg methednne wore given On the right 2 0 mg atropme sulphate mtramuscularly or 
mtratonously at A m oaidi case, followed by the previous doses of adrenalme, ephednne and 
methednne (except m the case of adrenalme where 0 5 mg was given) 
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expenJents m wSch^ateopme^wls mTS" 

of 0 5 mg adrenalme after mtravenom atropme^“a 

pressor effect than 1 0 mg adrenahne aloni^^L n garter 

et the hrgh level of 12» pfr mdntd 

mcreased the forearm flow from 2 0 to 6 (f r. o « Admnabao alone 
increased the flow fiom 2 0 to 4 0 c o i 

farther rmsed the dX to nij," ^ 

experiments gave the same type of resnlt ^ ^ 

The effect of atropme on the ephedime action was more dramafir. 
^jection of 90 mg ephedrme hydrochloride produced a rather greater rise 
of arterial pressure particularly diastohe, when pieeeded by atr^no tlmn 
when given alone Whereas ephedrme alone slowed the heart of thesidyoct 
concerned, it quickened it greatly after atropme As m the case of adrenahne 
the forearm flow was increased over and above the small rise which followed 
the intramuscidar injection of atropme Four more experiments gave 
almost identical results “ 

When methedrme was tested subjects were chosen who had shown 
a protracted slowmg of the heart after a 20 mg dose Tliree such experiments 
were performed, one of which is shown m Fig 2 Atropme affects the 
response to methedrme in the same way as it does the ephedrme response 
It increases the pressor effect, both systohe and diastohe, the heart rate 
rises instead of falling and the foxeaxm flow is mcreased The reniammg 
two experiments yielded very similar results 

It seems, then, that m man adrenahne, ephedrme and methedrmo 
acting directly on the heart all tend to accelerate it, but that m most 
individuals the vagus tone is sufhcient to permit only a small increase m 
rate or to produce an actual slowmg Atropme m 2 0 mg doses effectively 
removes this restramt The freedom that the heart now experiences is 
probably the mam cause of the greater pressor result The imphcations of 
the mcreased forearm flow will be dmeussed later 


Hand blood flow 

The facial pallor produced by adrenahne suggests that the skin flow 
should be reduced The hand does not become as pale as the face but is 
by far the most convenient site for study In Fig 3, No 1, the composite 
results are seen from 6 experiments on different mdividuals m whom tlic 
hand flow was measuied when the subjects were comfortably w'arm and the 
bath temperature 32°G The originally rather small hand flow remained 
practically unchanged by 1 0 mg adrenahne mtramuscularly Pallor of 
the face occurred m all cases Apparently adrenahne has little or no in fluenco 
on hand blood flow when this is already small 

To mduce a higher restmg flow several experiments were earned out, 
m which one foot was immersed m water at about 42®C This was sufficient 
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Fig 3 Hand blood flow, B P and pvdso m the following cinmmstanoes 
Ho 1 10 mg adrsnalme I M Composite &om 6 cases 

No 2 As abo\ e with mdireot heatmg as described m text From 3 cases 
No 3 90 mg ephednno I H , with mdirect heating From 5 cases 

No 4 20 mg methedrme I M , with mdireot heatmg From 4 cases 


to lead to general warming of the skm, but sweatmg was rarely produced 
Greatly mcreased band flows resulted, but they were apt to fluctuate dunng 
the penod of heatmg before a steady state was reached In Fig 3, No 2, 
m which three experiments were averaged, the heatmg had been m progress 
for 40 mmutes before the start of the recordmgs shown The fall m hand 
flow which 1 0 mg adrenalme now produced was dramatic, though short- 
hved Kunkel, Stead and Weiss (11) also found that adrenahne greatly 
reduced hand flow only when the imtial flow had been raised by heatmg 
Tliey attamed that end by heatmg the band itself to 43°C 

In view of the fact that the skm vasoconstriction due to adrenahne 
shows itself only when the vessels are first dilated the trials with ephediine 
and methedrme were made under these conditions Five subjects were 
mvestigated using 90 mg ephedrme hydrochloride and four using 20 mg 
methedrme Agam m these experiments heatmg was m progress for 40 
minutes before the recordmgs were begun It should be noted that the 
hand flow is erratic and variable when high levels are obtamed It is 
only by averagmg several results that relatively smooth curves are obtamed 
Just as adrenahne had httle effect when the hand was not heated so also 
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methednne did not reduce the hand flow m tuo 
heating was not apphed 


out of three cases in whicli 




Fig 4 Intromusoular mjeotioa of adrenaline, ephodnne and methodrino in sympatlioctomizwl 
subjects In each case B P , pulse and forearm blood flovr Doses as shorni m figure 


Achon after sympathectomy The results are shown m Fig 4 The 
doses used are indicated m the figure The response to intramuscular 
adrenaline was essentially the same as m the normal forearm, as was that 
to ephedrme In normally innervated forearms methednne tended to 
produce such variahle efiects that the sympathectomized cases studied 
cannot he regarded as abnormal Seven other experiments with adrenalmc, 
eight with ephedrme and four with methednne yielded very similar results, 
bnt since the completeness of the sympathectomy was not investigated in 
all these cases the observations may npt be rehable No deductions are 
warranted with regard to possible variations m sensitivity to the drags 
following the diflrerent tj^es of operation or as compared witli the normal 
forearm 


Discussion 

The extensive leduction m hand flow produced by adrenaline is in 
sharp contrast with the mcieased flow observed m the foreaim The 
difference is explamed by the preponderance of skm m the former and of 
mnscle m the latter It is mterestmg to find that adrenaline has Iitt o 
measnrable effect on the skm flow when this is already small, ulierens its 
constnetor action becomes progressively more obvious mth mcmased res mg 
flows Kunkel, Stead and Weiss (11) also found that initially high skm 
flows weie needed if adrenahne was to induce a convmcmg reduction 
when the subject is relatively cool as when small hand ^ 
the face pales when adrenahne is mjected and presumably suffers a decrease 
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blood flow, but the hand flow under such conditions is httle afiected The 
probable explanation is that the skm of the head is normally much warmer 
than the extremities and probably has a much larger restmg flow and so 
can be affected by adrenahne at times when the hand flow is already too 
small to be influenced In agreement with this is the shght change m the 
colour of the hand compared with the face when the subject is not 
dehberately heated Hertzman (7) usmg a photo-electnc method found 
that the various parts of the hand approached or even exceeded the forehead 
m vascularity when m a warm atmosphere (SOT) The skm vasoconstrictor 
power of ephednne and methedrme is defimte but feeble compared with 
adrenahne In keepmg with this the skm colour changes are neghgible or 
absent when these drugs are used 

The fact that muscle is the prmcipal constituent of the forearm and 
slon the mam component of the hand explains the opposite action of 
adrenahne m these sites The recorded mcrease m muscle flow and decrease 
m skm flow probably underestimate the real changes which occur because 
there is some skm on the forearm and some muscle m the hand 

The mcrease m muscle flow apjiears to be due mainly to an active 
dilatation of the muscle vessels In Fig 1, 1 0 mg adrenahne raises the 
mean B P * by only 8%, but the forearm flow by 160% Similarly, 90 mg 
ephedrme hydrochlonde raises the mean B P by 36% and flow by 76% 
The composite curve for the methedrme expenments, though perhaps not 
rehable, shows a 26% rise m mean BP and a 60% rise m forearm 
flow 

Thus all these substances seem to be able to brmg about an active 
dilatation of the blood vessels m skeletal muscle but, as with the action 
on the skin, adrenahne is the most effective Even if the flgures do not 
mdicate true active dilatation they demonstrate a graded response 

Correlation of results Doses of adrenahne and ephedrme comparable 
to those used here mcrease the cardiac output and apparently decrease the 
total peripheral resistance, adrenahne produemg the larger effect m both 
instances (4, 6, 16) The results here described suggest that skeletal muscle 
IS probably the mam site of this decreased resistance The greater 
dilatation observed mth adrenahne than with ephedrme agrees with the 
greater decrease m total penpheral resistance after adrenahne reported by 
the above workers, and is probably a factor m the lowermg of diastohc 
pressure by adrenahne while ephednne raises it Tlie redistnbution rather 
than pressor function of adrenahne is agam emphasised by this correlation 
In general tlie results show a very ready dilatation of muscle vessels by 
adrenaline, a much smaller dilatation by methedrme and an mtermediate 
action by ephednne 


* Tho mathomatical n\ erago of ^-stolio and diastolio readings is used here it gives on 
approximate estimate of the true moan ° 
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The heart rate changes can also be related to the factors discussed abo^e 
Adrenaline brought about a large increase in forearm flow and some 
acceleration of the pulse (Fig 1), whereas 90 mg ephedrme slowed the heart 
and caused a much smaller mcrease m flow Methednne also produced a 
small nse m fl,ow and no change m heart rate Presumably then these 
substances m those doses which strongly dilate muscle vessels, lead to a 
considerable lowermg of penpheral resistance and allow some acceleration 
of the heart, while no acceleration, or actual slowmg, is found when the 
muscle dilatation is small This relationship explams the parallehsm of 
heart rate and forearm flow observed particularly with methednne but, to 
some degree, with all three drugs That the heart rate restramt is vagal, 
and secondary to the penpheral conditions, is shown by its release by 
atropme Throughout the results it may be observed that, m general, the 
diastohc blood pressure is normal or low when muscle flow is high and 
tftce versa 


The persistent elevation of forearm flow dnrmg contmued intravenous 
adrenalme infusions (2) probably corresponds to the same effect found during 
the steady absorption of an mtramuscular mjection 


The excessive mcrease m muscle flow foUowmg the use of atropine 
along with one of the other drugs may be due partly to the greater blood 
pressure which occurs, but a more probable explanation is that if the flow 
after atropme is regarded as the restmg value for that subject another drag 
subsequently mcreases this m the same ratio as the true normal flow is 
increased by the same dose, without atropme 

In the absence of information on the effects of these drugs on other 
organs it is impossible to say whether skeletal muscle is 

blood flow probably have a neghgible effect on the total circulation 

From a practical pomt of view, neglectmg the duration of action, those 

thanthosewhichcausealargeactivevasodilatatiomofwhi gr p 

is an example 


SXJMMABY 

1 The effects of mtramosoAr 
methedrme on the rete of blood Bow “ 
been mvertigated nomg the venone oecloB.on plethy P P 

, m doses of 1 0 mg , 60 toJO ”6 "f l^W 

rrrX“rg‘‘rm— » mspeet end methednoe 
probably the least 
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3 In the same doses these substances do not constnct the skm vessels 
of the hand Tvhen the blood flow is initially low but do so when the mitial 
flow IS high, adrenahne again being the most active and methedrme 
probably the least 

4 There is considerable vagal restramt of the heart when these 
substances are used , it can be removed by atropme 

5 Apparently normal responses are obtamed m s 3 Tnpathectomized 
forearms, suggestmg that m all cases the action is largely, or entirely , 
penpheral 

6 The blood flow changes m muscle and skm are discussed m relation 
to the general circulation 
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THE MEASUREMENT OF BONE OPACITY 


By E G L BYWATERS * 

{From the Department of Medicine, British Postgraduate Medical School ) 


Only gross degrees of bone rarefaction are recognisable by visnal inspection 
of roentgengrams even then, it reqnires an expert to avoid the nnmerous 
fallacies inherent in this assessment A method has therefore been devised 
for the quantitative measurement of radio-opacity which avoids subjective 
judgment and yet can he used m routme hospital practice This has been 
employed durmg the last eight years m follovnng changes of bone density 
in cases of rheumatoid arthntis It has many appheations m research, 
since analysis can be made of the variations from part to part, as well as from 
time to time It is therefore thought that a description of the method and a 
discussion of the difficulties and precautions necessary to avoid error might 
bo useful to workers m many fields, experimental, orthopsedic and endo- 
crinological 

Method 

The principle of the method is that there should he exposed at the same 
time and on the same film as that on which the required hone or limb is to 
be photographed, a senes of sohd ivory cylmders of graded thickness The 
opacity to hght of the resultant images is then measured by a photo-electnc 
cell 

(1) The ivory cylmders are set in a metal holder, are of 12 mm diameter 
and of a thickness vaiymg by 1 mm from 1 mm to 18 mm A thick lead 
disc also IS exposed at the same tune as the ivory cylmders and the hmh 

(2) The rcadmg device (Fig 1) consists of a selemnm hamer-layer 

photo-cell (2 X 4 cm ), set on a square wood block 1 6 X 10 x 10 cm it 
makes contact (a) with a copper wire ontlmmg the penphery on the deep 
surface and connected thereby to one temimal of a mirror galvanometer 
(resistance 350 ohms with a maximum deflection of 6-7 micro amps ) (6) 

with the other termmal of the galvanometer by a sprmg chp on its outer 


* Most of this work ^vns done in 1930 and 1940 while the author was a Beit Memorial Fellow 
and m receipt of a grant from the Bmpire Rheumatism CounciL 

I am mdobtod to Dr S R Pelc for his assistance with the theoretical equations, Professor 
Alan Monenoff for the loan of the ivorv cylmders, made for him by Dr (Jorter of Leyden, and 
to Proroi>!,or Duncan W lute, for facihties m the Department of Radiology, British Postgraduate 
Medical School 
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white paper 



SECTION THROUSH CENTRE Of MEASURING BOK 

Fig 1 Diagram of oonstruation of pBoto electno opacity meter Scale 1 cm =1 m 

BTorface, holding it in place The centre of the photo-cell plate forms tho 
base of a 16 mm diameter hole bored through the 16 mm thiclmess of tho 
wood The top of this chamber is covered by a 3 x 1 m glass shdo inset 
m the wood block on the under surface of the shde is pasted black paper 
m which IS punched a central hole 9 mm m diameter The upper siufaco 
of the wood block and glass shde is covered with white paper except for a 
correspondmg 9 mm diameter hole This white surface, by reflectmg light 
through the roentgengrams to be measured, aids accurate localisation A 
further aid to localisation has been foimd necessary for the more opaque 
areas , inside the chamber, whose walls are blackened to avoid reflection, 
a thm No 1 glass cover shp is placed at an angle of 46° with the mcidont 
hght A horizontal hole, 4 mm m diameter, bored from the edge of tho 
wood block mto the central chamber allows hght from a small 2 volt bulb 
outside to impmge on the upper surface of the cover shp and to bo reflected 
up through the glass shde on to the overlymg roentgengram 

(3) A 60 or 100 watt lamp, pomtohte type, equipped with a switch 
and ins diaphragm travellmg vertically on an upnght rod, is then clamped 
at any required height above the photo-cell aperture The upnght lamp, 
rod and the photo-electnc cell are both attached to a common base , it is 
an advantage for one or the other to be movable out of ahgnment so that 
with dense films, the area of roentgengram to be read can be locahsed by tho 
reflected hght source described above, and then moved back again to the 
same position Between the lamp and the cell is an ins diaphragm enabhng 
hght mtensity to be adjusted more finely than is possible by movmg tho 
source lamp on its upnght rod 

(4) Each roentgengram must first be cahbrated An ivory cylinder is 
chosen, the density of whose image is less than the range required This 
image, or that of the lead disc, is put over the aperture and the intensity 
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of the light source adjusted to obtain a maxunum galvanometer deflection 
The zero pomt of the galvanometer (t e , no deflection) is adjusted with no 
hght stnkmg the selemum cell We have found some difficulty m usmg 
the mams current as a source, smce there are at tunes small fluctuations m 
mtensity We have therefore used a 12 volt accumulator Gralvanometer 
deflections for the remainmg ivory cyhnders are then read and plotted 
agamst cyhnder height, either direct or, if a straight Ime curve is desired, 
after mathematical mampulation 

(6) The deflections for the hone areas to he measured are then read 
ivithout altenng the hght source, and finally the first ivory cyhnder deflection 
IS agam checked lest there should have been variation m hght mtensily 
The density of the selected areas is then read off on the cahhration curve m 
mm of ivory 


Theory 

Three processes are mvolved m readmg the opacity produced on the 
X-ray film by tlus method, each of which can be represented by a simple 
mathematical relationship — 

1 The transmission of chemically-actrve radiation through ivory and 

bone 

r = Re ~ 

whore r = transmitted and R = mcident radiation m roentgen imits, 
(1 = specific absorption coefficient of ivory and h = the height of the ivory 
cyhnders m cm This relation is strictly vahd only for monochromatic 
X-rays, but is sufficiently accurate for the heterogeneous beam used 

2 The production of optical opacity on the film by this transmitted 
radiation 

d = D(l— e~^) 

where d = resultant specular film density, D = the greatest density obtam- 
ahlo on that film under the given developmg conditions, s = a constant 
denotmg mtnnsic sensitivity of the film used and r as m 1 

3 Tlie transmission of hght through the resultant photographic film 
and the deflection of a galvanometer thereby produced 



whore x is the deflection of a galvanometer scaled to read extmction 
coefficients, 1° the mcident and I the transmitted hght Thus the 
galvanometer deflection can be converted directly to terms of optical density 
(d) which, m turn, can be represented m terms of h, the height of the ivory 
cyhnders by means of combmmg equations 1 and 2 
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Elimmatmg r between these two equations, we get 

— |ih 

~ SRe 
II— e 


d = I> 


or rearranging. 


-S Re 


yh 


D — d 


Taking logarithms of both sides, we reach 


D 


log 


D 


D 


== — sRo 


— (ill 


Takmg logarithms agam, 

log ^ log 


jih 


D 


D 


) 


log S R — (th 


Smce for the standard factors used, D, s, R and are aU constant, this is a 
straight fane relationship between h and log log — (usmg loganthms to 
any base) 

The height (h) of the ivory cyhnders can thus be calculated from the equation 

D 


A — B log 




where A == and B = - (usmg Napierian logarithms) 

P* H- 

For the filma and quahty of X-ra;^ used, S will be about 7, R between 
0 6 and 1, D = 3 to 4, and (i approximately 4 Wlule it is perhaps more 
desirable theoretically to have a straight hne relationship between height (rf 
oyhnder and function (galvanometer deflection), as outimed above (and 
for this purpose it is necessary to use the density of unexposed, t e , lead- 
covered, X-ray film) this involves the use of loganthmic tables, and is 
perhaps too compheated for ordmary use The calibration curve obtained 
by direct plottmg of cyfander height agamst galvanometer deflection is as 
accurate and less time consummg, and has been used for most ot ese 
studies An illustrative cahbration curve obtamed by 

illustrated m Fig 2a and is compared with the straight fane (Fig 2b) o ai 

on semilog graph paper, usmg f (deflection) = log jj ^ B bemg taken as 4 0 
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Fig 2 Calibration curves — 

(а) direct plotting of* cylinder height against galvanometer readmg 

D— d 

(б) Log log — g — (tee test) 

AppheaHona to particular problems 

For any particular bone area, the factors governing the production of 
the photographic image have first to be considered so that the most effective 
choice can be made Smee most of our work has been on the hand, we will 
deal ivith this as an example The factors concerned are — 

1 The type of film 

2 The source of roentgen rays (homogeneity of wavelength 

or kilovoltage) 

3 The exposure 

4 The distance from the source 

6 The developmg solution 

0 The development time 

7 The development temperature 

It was thought probable that as the calibratmg discs and the selected bone 
areas are both subject to all the above factors, that variations m any or all 
of their factors would not be reflected in the final figures Except for the 
homogeneity of source rays, which will be discussed below, this is so only 
in so far as the cahbration curve is of satisfactory shape over the range of 
densities on which it is required to make observations In the hand and 
UTist, the range of density vanes between 3 and 10 mm of ivory As the 
optunum factors for measurement are also those necessary for obtainmg 
clear detail in the roentgengram, the radiologist’s judgment is the most 
useful guide to the factors The followmg standardisations were made for 
the hand —one particular X-ray machine was used throughout at a distance 
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of 26 inches, iwmg 46 kilovolts, 26 milhamps and 4 seconds for the standaid 
film and latterly 46 KV, 26 ma and 24 seconds for an ultra speed film (Kotkk 
Blue Ground) Development was for 6 mmutes at 65®F , using a 
metolhydroqumone developer (Kodak D 19b) Even vith the procedure 
standardised as above, considerable vanation m position of the curio, 
although not m shape, occurs on consecutive films This must be due to 
factors which cannot be standardised in routme hospital uork, e g , vanations 
m output of the machme due to mtrmsic or extrmsic causes, changes in the 
developing solution with tune and minor fluctuations of the temperature 
of development It is not felt, however, that these variations affect \crj 
greatly the final figure Proof of this is given by si\ readmgs of a normal 
second metacarpal head taken under the above routme conditions at daily 
mtervals, which averaged 6 48 mm ± 0 13 mm S D Deviations from tlio 
mean greater than db 5% would therefore seem to be of significance 

Another possible source of error m senal X-ray work is ohoosmg for 
measurement, each tune, exactly the same area Such errors ore not, 
however, difficult to avoid Ten consecutive measurements of the some area 
of metacarpal head give a galvanometer deflection of between 43 5 and 
440/, each time The reproducibihty of the measurement is weh seen m 
Fig 3 showng no significant local osteoporosis followmg on unpac 0 os 
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Another source of error is that variations in soft tissue density or 
thickness may be recorded m the final figure In the fingers, this "was not 
found to he a serious source of error The thickness of soft tissue above 
and below the metacarpal heads and proximal phalangeal bases was measured 
m lateral X-rays, with the skm surface marked by a lead pamt-hne, and the 
thickness of the space between metacarpals 2 and 3 by the same method 
The opacity of these masking soft tissues calculated &om their thickness 
on the basis of the metacarpal-space opacity and thickness, amounts to 
1 36 mm of ivory per cm compared with 3 16 mm /cm for the bone Thus 
3 16 cm of soft tissue (m metacarpal space 11-111) = 4 28 mm ivory Soft 
tissue above and below the metacarpal head measures 1 39 cm = 1 88 mm 
ivory (by proportion) Whole thickness of bone and soft tissue here = 
6 42 mm ivory , therefore bone alone (1 48 cm thick) = 6 42 — 1 88 mm 

= 4 64 mm of ivory Thus of the total density here, ^ = 71% ^ 

6 42 

due to bone 

The maximum mcrease m circumference of the fingers m a severe case 
of rheumatoid arthritis is -1- 1 2 cm , amountmg to -}- 0 4 cm m diameter 
This would add 0 63 mm to a total density of 6 42 mm , i c , about -h 8% * 
In areas of the body where soft tissues are more preponderant, it would 
probably be difficult, if not impossible, to allow for soft tissue opacity smce, 
besides the efl^ects of scattered radiation, the mass absorption coefficient 
of any substance depends on the wavelength of mcident hght («ee Eig 4) 
With the usual heterogeneous beam, photographically active wavelengths 
transmitted through mixed tissue woidd not theoretically be comparable 
m resultant density with those transmitted through the ivory cylmders 
Yot this reason, the use of alummium wedges instead of ivory or bone 
would give erroneous results 


SXIMMABY 

A quantitative and objective method for measurmg bone opacity is 
described and discussed it mvolves the simultaneous exposure of a graded 
senes of radio-opaque cylmders and the plottmg of a cahbration curve for 
each separate X-ray film This method is capable of use m a routme hospital 
department It has been found useful m foUowmg bone rarefaction dunng 
the course of an illness, and makes possible an analysis of the mechanism 
of bone rarefaction m local and general conditions of ill-health 


* This calculation assumes that tissuo c.flnsing sweUxng is of the some radio-opacity as noimol 
a more dotoilod studj of the relative opacity of diSerent soft tissue by this method has not yet 
boon complotod 





THE ABSORPTION OF XYLOSE IN STEATORRHCEA 


By L P R FOURMAN 

{From the Nufjield Department of Medicine, Unitersity of Oaford ) 


Fat and glucose are thought to he phosphorylated during absorption from 
the small mtestme (21) nhereas xylose is probably not (see Hober, 1945, 
for summary of evidence (9)) Verzar (20) and more recently Stannus (19) 
have suggested that the sprue syndrome may be due to a failure of 
phosphorylation, and on this theory one might expect xylose to be normally 
absorbed m sprue It is relatively easy to study the absorption of xylose 
m the human subject This pentose sugar goes through the hver unchanged 
(6) and is excreted by the kidney rapidly, though some is destroyed m the 
tissues The amount absorbed from the mtestme can be calculated by 
comparmg the amounts excreted m the urme after oral and mtraveuous 
adnuiustration (13) When the sugar is given mtravenously, the rates of 
excretion and of destruction m the tissues are both proportional to the 
plasma concentration, and the total amount excreted represents a constant 
fraction of the amount mjected (4) In man, this proportion is about 40% 
■when renal ftmction is normal (13) and when xylose is taken by mouth one 
may assume that the kidneys excrete a similar proportion of the xylose 
which has been absorbed from the small mtestme The blood xylose curves 
return to near normal 6 to 6 hours after mgestion so that normally practically 
all of the excretion of the sugar occurs durmg this timi* ( 5 ) 

Xylose has previously been used to measure absorption from the small 
mtestme by Helmer and Fonts (8) They ■were studymg penucious anaemia, 
but also reported unpaired absorption of xylose m two cases of idiopathic 
steatorrhoea In the present work on the absorption of xylose m 
steatorrhoea, the techmque of Helmer and Fonts was foUowed with some 
modification Twenty-five grams of d-xylose m about 450 ml or one pmt 
of water, that is, m approximately isotomc solution, were given to the fastmg 
subject The amount of xylose excreted m the urme durmg the followmg 
five hours was measured The sugar ■was estimated by the method of 
Schaffer and Hartmann (quoted by Peters and van Slyke, 1932 (17)) after 
precipitation of the non-sugar reduemg substances (22) No attempt was 
made to get nd of the fermentable sugars m the urme because their quantity 
IS comparatively neghgible In estunatmg the reagent blank a sample of 
the fastmg urme was meluded, and the blank titration value did not vary 
sigmficantly from case to case It was found that over 24 hours there was 
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no destruction of xylose added to clean unne in a concentration of 0 5% 
Some precaution should however be taken to preserve the urine since it 
was found that in a culture of intestmal orgamsms, which may contaminate 
urine, xylose is destroyed During the collection penods unne was kept 
in a refrigerator 

The absorption of xylose was studied in three patients with tropical 
sprue, three patients with idiopathic steatorrhoea, and also m two patients 
with healed tuberculous mesentenc adenitis All the patients had 
steatorrhoea as shown by an abnormal amount of fat m the stools on 
chemical analysis and none of them showed any evidence of pancreatic or 
bihary disease None of the patients bad watexy diarrhoea Eadio- 
logically, intestinal motihty was normal and renal function was normal as 
measured by the urea clearance or by the specific gravity tost 


TABLE 1 

Ftve hour xyhat excrelton, after 26 gram of xylose by moul/i, in grams 


Normals 

Tropioal 

sprue 

Idiopathic 

steatorrhoea 

TB mesentono 
adonitis 

67 

106 1 

21 

83 

06 

SO 

26 ^ 

15 

43 

16 

14 

— 

67 

— 

— 


Mean 6 0 

2 1 


Beavits 

The five hovir jtylose exeretaoa figures ora shorn m Table I 
values, raeau 0 0 g , wera sUg^W- 

the patents mth steatorahte “'TpTeuls lo® values 

difference between the three yeast extract 

«ra agam found ater a f “f, ^Th^ltn" tv^if sprue to 
or fohe acid, although at least in p ^ 

traatoont had praduoed a oW .J^^^ins nught have been 

possibihty that the low five hour ^ ^ radiological evidence this 

L to delay m gastno emptying, though o^r^iop 
was unlikely, the xylose exoraten wm absorption does 
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TABLE n. 

Changes tn xylose absorption with treatment 


Disease 

1 Treatment 

Duration of 
treatment 

1 Five hour xylose excretion (m 

1 grams) after 26 g by mouth 


1 

1 

j Before treatment 

j After treatment 

Tropical sprue 

Liver and yeast 
extract 

21 days 

1 0 

1 8 

Tropical sprue 

Folic acid 

14 days 

1 6 

12 

Idiopathic 

stoatorrhcca 

Folic acid 

14 days 

21 

1 8 


TABLE TTT 

Comparison of B hour and 24-hour xylose exeretums 


Disease 

Xylose excretions, m grams 

6 hour 

24-hour 

Idiopathic steatorrhnea 

1 38 

3 06 

T B mesenteno ademtis 

1 46 

2 37 

TB mesenteric ademtis 

3 34 

3 81 


TABLE IV 

Five hour xylose excretion compared vnth fat absorption 
(per cent of intake, measured over 12 days) 


Patient 

Fat absorption 
(%) 

Fire-honr xylose 
excretion (grams) 

Tropical sprue After treatment 

(21 days’ folio acid) 

77 

30 

After treatment 
(2 months’ h\er and 
yeast extract] 

85 

30 

Tropical sprue Before treatment 

77 

16 

After treatment 

67 

12 

Idiopathic Before treatment 

steatorrhoea 

85 

2 1 

After treatment 

77 

1 8 

Idiopathic After treatment 

steatorrhcca 

80 

; 26 
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but even when measured over 24 hours the total excretion v-as heloir normnl 
The proportion of xylose excreted by the patients m five hours was vnnahlo 
This may accoimt for the fact that there iras no close quantitatno 
relationship between the five hour urinary xylose figures and the degree of 
impairment of fat absorption as measured m 12 day balance exporunouts 
(Table IV) A 24 hour rather than a five hour urme collection period irught 
have advantages m estimatmg xylose absorption m steatorrhcea After 
mtravenous mjection, the excretion of xylose was found to be normal, as 
determmed in one patient Of 10 grams given mtravenously, 4 92 g wore 
excreted in the following 24 hours , this patient excreted 3 81 g of xylose 
m 24 honrs after taking 26 g by mouth This expenment confirms that the 
low xylose excretions found were not due to an ahnormahty of metabolism 
or excretion of xylose m patients with steatorrhcea, hut to a failure of 
absorption 

Maegraith (16) has reported improved absorption of glucose uv some 
patients with tropcal sprue, after giving the sugar with a buffered phosphate 
mixture He based his conclusions on the results of blood glucose curves 
The effect of phosphate on xylose absorption was tned m one patient uith 
tropical sprue Voui grams of a mixture of mono- and di- sodium phosphate 
(pH 7) were given with the xylose, increasmg the amount of water to mamtam 
an approximately isotomo solution The five hour excretions were, mthout 
phosphate, 3 g , with phosphate, 2 7 g , so that m tins expenment the 
phosphate had no beneficial effect on absorption 


Discussion 

It IS mterestmg to note that the patients with mesentenc adenitis 
showed the same aLorption defect for xylose as the patients with sprue 
1-1 1.1 4 '<^n 4 -nT>t>Vir«ta iT\ whom po auatomic lesion is hkely to be 

flf ^ that .yloae » atahed tl«.ugh 

S: lactaala. laotaal ohs— 

mesenteric adenitis on the other ow j J ensymatic, remains 

nnture of the fault 

unknown Evidence that ]^s ^uosphate on glucose absorption w 

m sprue is mconclusive ® phosphorylation process, since the 

sprue (16) is not necessarily related ^ J ^ (i6) has been 

acceleration of glucose phosphate and is reproducible 
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that fructose absorption is also impaired m sprue (6) It is questionable, 
however, whether or not fructose is phosphorylated durmg absorption 
Other substances which are poorly absorbed m steatorrhoea mclude iron (3) 
and several water-soluble vitanuns (2) The present work shows that xylose 
IS poorly absorbed m steatorrhoea This sugar is not absorbed by simple 
difiiision , not only ate different pentoses absorbed at different rates (13) 
but d-xylose is much more rapidly absorbed than 1-xylose m the rat (10) 
so that molecular configuration as well as molecular size affect its absorption 
On the other hand, there is no evidence that this sugar is phosphorylated 
and extracts of rabbit kidney which phosphorylate glucose do not 
phosphorylate 1-xylose (23) Evidence is accumulatmg that the supposed 
differences in the absorption of glucose and xylose, on which the 
phosphorylation theory for the absorption of glucose is partly based, may 
not be as fundamental as had been thought (18) , one may not conclude, 
however, that because xylose is not absorbed by simple diffusion it is absorbed 
by phosphorylation The present observations do not provide any support 
for the theory that sprue is due to a defect m a phosphorylation mechanism, 
but they do not disprove this theory 

Some positive conclusions may be drawn from the findmg of impaired 
xylose absorption m steatorrhoea There is httle information on the 
localization of function m the small mtestme such as has been obtained for 
absorption from the renal tubule, but by an mgemous senes of experiments 
McCance and Madders (13) showed that xylose is u holly absorbed from the 
upper part of the small mtestme, and this has received some confirmation 
by direct experiment on the dog (12) Absorption from this part at least 
of the small mtestme must therefore be affected m sprue The finding s 
suggest that xylose can be used to measure mtestmal absorption m disease 
This would have defimte advantages compared with the difficulties of 
measunng the absorption of fat or of sugars that are metabolised Fat 
absorption, to be measured at all accurately, has to be measured over at 
least a 12-day balance penod , not only is this a very tedious procedure, 
but tins techmque will not detect any rapid changes m absorption Glucose 
absorption cannot be measured by the balance technique, because the 
unabsorbed sugar is destroyed by bactenal fermentation m the bowel, and 
one has to depend on the mterpretation of blood curves to estimate the 
absorption of tins substance Smce the shape of the blood curve depends 
on the rate of removal of the substances from the blood stream as much as 
on the rate of absorption, this method is unrehable for the study of absorption 
Puller investigation may show that the finding of normal xylose absorption 
provides a simple and rapid means of excludmg steatorrhoea Deficient 
x3doso absorption cannot however be taken as necessarily the 

presence of steatorrhoea since deficient absorption of carbohydrates may 
occur in other diseases such as deficiency states (7), ulcerative cohtis (1) and 
pernicious antemia (8) 
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Summary 

The absorption of d-xylose was studied in three patients with tropical 
sprue, three patients with idiopathic steatorrhcea and two patients with 
steatorrhoea due to healed tuberculous mesentenc adenitis In all of thorn 
xylose was poorly absorbed The significance of this finduig is discussed 
m relation to the theory that sprue may be due to a failure of phosphorylation 
It IS suggested that xylose may be useful for the study of mtostmal absorption 
m steatorrhcea 
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RENAL HEMODYNAMICS IN ACUTE NEPHRITIS 


By D A K BLACK, R PLATT, E N ROWLANDS and H VARLEY 
(From (he Departments of Medicine and Clinical Pathology, Uniiersity of 

Manchester ) 


Although the clearance methods devised by Homer Smith have been 
apphed to clmical problems for a number of years, the recorded results have 
mostly been obtamed on patients mth essential hypertension, toxsenua of 
pregnancy, and chrome nephritis Earle, Taggart and Shannon (2) mcluded 
m their nephritic senes a number of patients who were considered to be m 
the acute stage of nephntis, but none of these was m the early weeks of the 
disease They found that the mulm clearance was depressed to a greater 
extent than the diodrast, giving low values for the filtration fraction 
Bhlden (7) found that the diodrast clearance m acute nephritis was normal, 
or only slightly reduced Urea clearance was relatively low, compared with 
diodrast clearance , a reduction m glomerular filtration rate was inferred 
from this, but actual muhn clearances were not done The present paper 
gives the results of muhn and diodrast clearances m three patients who were 
first observed at a stage m type I nephritis when blood was still present 
m the urme, and the blood pressure was elevated Further estimations 
were made durmg and after recovery 


TABLE I 

Clearanca tn acute nephntie 
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Fig 1 Clearance results and calculated values for afferent and efferent arteriolnr rosistaneo 
in Case 3 The diodrast olearonoos are on a scale 1/5 of that of the uiulin doarance, so that 
with a “ normal ” filtration fraction of 0 2 these columns would be of the somo height 


Methods and resiUts 

duucal data on the three patients studied are given m an appendix 
The results (Table I, Tig 1} are based in each case on three 20-nunute 
clearance periods, the urme being obtained by catheter, xvith bladder washout 
A continuous inulin-diodrast infusion by intravenous drip was mauitaincd 
at a rate of 0 6 ml/min, after a prim in g mfusion Tlmd mtake was not 
forced either before or durmg the collection penod , with the method of 
collection used, agreement between urme samples was adequate 

The clearance results, together with the calculated filtration fraction, 
are shoira m Table I Durmg the acute stage of the nepbntis, tlie inulin 
clearance was lowered below the normal range m aU three patients NMtn 
recoveiy, the muhn clearance rose m the two patients on xvhom sena 
obseiwations were made The diodrast clearance was much 
the acute stage, so that the ratio of muhn to diodrast clearance (the filtiatmn 
foefaon) waslotebly lowered The flltrefon fteobon ro*. to wthm normal 
limits m the two patients on whom follow-up estunations were ma 
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Interpretation of results 

Tlie figures of Earle, Taggart, and Shannon (2) show that there is no 
significant reduction in tubular excretory mass (diodrast Tjj) at a rather 
later stage in the course of acute nephritis If this is also true at the stage 
of acute nephritis m which we first exammed our patients, diodrast clearances 
m them can be taken as representmg the effective renal blood flow 
Similarly, muhn clearance is taken to represent the amount of glomerular 
filtrate formed per minute On this basis, the low filtration observed durmg 
the hypertensive phase of acute nephntis mdicates that the amount of 
glomerular filtrate formed is small m relation to the amount of blood flowmg 
through the kidne} Our present knowledge of renal function suggests 
three possible explanations for this phenomenon — 

(1) The permeabihty of the glomerular membrane is reduced 

(2) Part of the blood-flow through the kidney is “ shunted,” so that 
it fails to perfuse the glomeruh 

(3) There is an alteration m the relative tone of the afferent and 
efferent artenoles, such that glomerular capillary pressure is 
lowered, while hlood-flow is mamtamed at a nearly normal figure 

Those possibihties may now be discussed 

1 Decreased permeability of the glomerular capillary uaU Histologic- 
ally, the glomerular lesion m acute nephntis is a proliferative mfiammation 
involving the glomerular capillary ^epithehum The thickened capillary 
wall might seem to be the structural eqmvalent of diminished permeabihty, 
and Earle, Taggart and Shannon (2) advance this as the explanation of the 
low filtration fraction which they found m subacute and chrome nephntis 
It seems to us, however, that diminished glomerular permeabihty cannot 
be the explanation of a low filtration fraction m acute nephntis , for mflamed 
capillancs in general are more permeable than normal, and the constant 
presence of both albumin and red cells m the urme of acute nephntis is 
difficult to reconcile wuth diminished glomerular permeabihfy 

2 Presence of a “ shunt ” Although the important work of Trueta, 
Barclaj and their colleagues (13) has shown that m the rabbit it is possible 
for blood to be diverted from cortex to medulla, it is uncertam how far this 
occurs m man Before yieldmg to the temptation of applymg these recent 
results to our own problem, we must consider more fully what would have 
to be the characteristics of a “ shunt ” which would account for a low 
filtration fraction Not only must the glomerular blood-flow be diminished, 
but the tubular flow must be mamtamed, to account for the relatively high 
diodrast clearance Now, it is not certam whether the medullary circulation 
brought mto play in the Trueta experiment does give adequate tubular 
perfusion , their observation that the renal vem blood becomes red suggests 
that tubular perfusion maj not be adequate If a large part of the medullary 
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blood-flow goes by the vasa recta, it is agam difficult to picture the convoluted 
tubules as being effectively perfused Diversion through a vessel of the 
Ludwig-Isaacs type ivould give tubular perfusion, but the frequency and 
importance of such vessels m the human kidney are very much m doubt (6) 

A further argument against the activity of a shunt mechanism in acute 
nephritis is that the shunt observed m animals is associated at tunes inth 
renal vem pulsation, suggestmg a low renal vascular resistance, whereas the 
data presented m our next section mdicate that renal vascular resistance is 

mcreased 

3 AUeraiton tn renal afferenU and efferent tone The general relation- 
ship between blood-flow, vascular resistance and perfusion pressur^in an 

organ is denved from PoiseuiUe’s law, and can be expressed as Q ocrg wlion 

0 18 blood flow, P IS perfusion pressure, and B is the total resistant to 
flow offered by the vessels , it is assumed that the viscosity of the blood 
leavmg the organ is the same as that of the blood entermg it This may 
also be expressed as R oc P/Q In acute nephritis, the perfusion P^srarc, 
which depends on the systemic blood pressure, is mcreased. wMe the renal 
blood flow IS somewhat diminished The total resistance offered by he 
Lai vessels is therefore mcreased If decreased 
or a shunt mechamsm can be excluded, and if there is no obstruction to 
a low rate meet depend <» 

effective filtration pressure mside the glomerular loop q 


are — 


Ra = I’M - 


HD 


10 ) 


Rg = (1 - 0 47 F) (Pq' - Pq + 

HD ^ . 

, .a TTD = renal blood flow, calculated from 

(Pm = artenal pressure HD . ^ diodrast clearance 

ihfplasma percentage, as determmed ^^^^^erulus Po = 
p 'L osmotic pressure of plasma ^ filtration fraction ) 

of plaama entermg the glom^na 1 « 

We have used the 1941 formulae { ) ^ the resistance 

requTthe di&mntiation of efferent artenolar resistance from 
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m the tubular capillanes and venous channels For details of the derivation 
of these fonnulse, lliainport’a o\m papers should he consulted Their use 
involves certain assumptions, which are probably not universally true, 
but vhich are likely to be as vahd m the kidney of acute nephntis as m 
the normal kidney, so that a comparison may be usefolly made, even though 
the resistances are relative rather than absolute values To justify our 
use of the formulae m this rather pragmatic fashion, we may mention the 
mam assumptions involved — 

1 That blood flowmg through the small kidney vessels behaves m 
general conformity with PoiseuiUe’s law Although Poisemlle’s law is 
based on expenments \nth a homogeneous flmd m rigid capillary tubes, 
it has been shown that blood-flow m an isolated limb behaves m somewhat 
the same way, and a correction can be apphed to PoiseuiUe’s law (as is done 
m Lamjiort’s formula) to make it more nearly apphcable to blood flowmg 
through natural vessels 

2 That filtration equihbnum is attamed m the glomerulus The 
vahdity of tins assumption for the normal kidney has been shown by Smith 
el al (12), and their arguments should apply equally to the kidney m acute 
nephntis 

3 That the osmotic pressure of plasma can be calculated &om the 
total protem content of plasma Some error is certainly mvolved here, m 
view of the differmg albumm globulm ratios m different patients , this 


TABLE H 

Calculated afferent, efferent, and total renal arteriolar reeietance 


Patient 

( Date * 

1 

1 ba 

(units) 

i i 

I (unite) j 

rt 

(units) 


1 

' 17 12 40 

1 

1 

70 

! ! 

1 20 1 

90 

1 

[ 

1 

tf 
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34 
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54 

1 17 

f 
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I 

33 
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67 

1 

o 
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1 

44 

17 

01 

> 2 6 _ 

1 

1 2G247 

138 

20 I 

104 

53 


12 3 47 

1 

73 

24 j 

97 

30 

If 

11 4 47 

» 

I 

20 

1 10 [ 

1 

45 

i ■* 


Non. — units of tosistanco TOforred to are thoso used b\ Import (8) and are given bj 
him M 1000 X mm Hg per c o per mm From data of Smith ct al Lamport has 
calculatod and m seion normal aubjocta, the average values being 

18 8 (Range 6 0 — 37 5) 

18 2 { „ 110 — 25 9) 

Ra/Re 1 04 ( , 0 6 — M) 
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error be less if the results m the 
tunes 


same patient are compared at difforout 


4 Kie other minor assumptions involved are justified bj Lamport (8) 
The results obtamed when Lamport’s foimulse are apphed to our data arc 
shown m Table II, togethei mth average normal values gnen by Lamport 
It mil be seen that the total resistance is mcreased durmg tlio earh 
hypei tensive stage of acute nephntis, and falls towards normal nith 
recovery The afferent resistance is mcreased much more than is the 
efferent, as may be most clearly seen from the ratio This is the 

type of change required to account for dimuushed glomcnilar filtration, m 
the piesence of an mcreased mnal artery pressure 


Discussion 

It IS temptmg, m view of the evidence of renal aiteriolar coiistnctiou 
m acute nephritis, to suppose that the remn mechamsm may bo brought 
into play, and so accomit for the use m blood pressure in this disease The 
general picture of renal hsemodynamics does not, however, give much 
support to this view Wlien In’pertensm is mjected mto a normal human 
subject, a rise of 40 mm mercury m s^fstemic blood-pressure is associated 
mth a 50% fall m renal blood-flow, and a considerable use m the filtration 
fraction (10) Tlie lenal action of hypertensm, hlce that of adrenalmo, 
u ould seem to be exerted mainly on the efferent arteriole , and it is of course 
the efferent artenole which is mamly affected in essential hypertension (5) 
In our patients, however, the low filtration fraction mdicates that constnction 
18 on the afferent side of the glomerulai circulation , uliile the application 
of Lamport’s formulas mdicates very definite mcrease m afferent arteriolar 
resistance, there is no defimte mcrease m efferent artenolar resistance 
Moreover, the renal blood flow figures are higher than would be the case m 
a normal person ivho was given hypertensm m a dose sufiScient to produce 
the degree of systemic hypertension observed The relatively normal blood 
flow also makes it doubtful whether the renm mechanism would be set m 
motion m this type of renal disease Our results m fact demonstrate a 
state of affairs m the kidney urhich wmild not be expected either to give rise 
to or to result from release of renm , and it is mterostmg to note that 
Pickermg (11) concluded from a study of heat ehmmation from the hand 
that the hypertension of acute nephntis was not of the same mechanism 
as m essential hypertension and chronic nephntis and suggested that i 
was neurogemc rather than humoral On the otliei hand, Goldblatt ( ) 
m his review of the subject affirms that renm has actually been demoM ra c 
m the systemic blood m human cases of acute glomerulonephntis wi i 
hypertension Tlie only papei w hich we have been able to find claimmg la 
lenm is demonstrable in acute glomerulonephntis refers to a pa mn 
blood pressure of 260/1C0, no clmical details bemg given , and it is nnr e 
stated that renm could not be demonstrated m other patien s wi 



RENAL HEMODYNAMICS IN ACUTE NEPHRITIS 301 


nephntis (1) This evidence seems somewhat equivocal, but if later work 
should show that remn is m fact released m acute nephritis, we can only 
assume that the kidney m this disease is unable to respond to remn m a 
normal manner, so that the expected constriction of the efiFerent arteriole 
fails to occur In the meantime, our results as they stand support the view 
of Pickermg that hypertension m acute nephritis is not due to the renm 
mechamsm 

StramAKT 

1 In three patients m the acute stage of type I nephntis, with elevation 
of the systemic blood pressure, muhn and diodrast clearances showed a 
greatly reduced glomerular filtration rate and a moderate dimmution m 
renal blood fiou , so that the filtration fraction was reduced below normal 
limits In tivo of the patients, estimations made when the blood pressure 
had returned to normal showed a normal filtration fraction 

2 Seasons are given against the low filtration fraction bemg caused 
by decreased glomerular capillary permeabihty, or by the operation of a 
shunt mechamsm 

3 Calculations of the afferent and efferent artenolar resistance, using 
Lamport’s formulae, show that the afferent resistance is greatly mcreased 
dunng the acute hypertensive phase of the disease, while the efferent resistance 
remains withm normal limits The low filtration rate is therefore considered 
to be caused mainly by a fall m glomerular filtration pressure 

4 The significance of these results is discussed with relation to the 
mechanism of raised blood pressure m acute type I nephritis 

Appendix of case records 

Case 1, female, aet 48 Ifo previous renal disease Adnutted 7 12 46, 
four weeks after a sore throat, and two weeks after the onset of of 

face, hands and legs On admission, ohguna with blood and albumm m the 
unne, oedema of face, hands and legs BP 180/115 Blood urea 44 
mg /lOO ml The unne was sterile on culture, and contamed many blood, 
leucocjde, and epithelial casts On an mtake of 20 oz of flu id daily, the 
patient remamed oliguric, passing 10-15 oz of urme daily, until 21 12 46, 
when a moderate diuresis set in, and the oedema disappeared She was 
discharged from hospital well on 27 1 47, with a BP of 140/85, and with 
no albumin m the unne At follow-up evammation, however, on 24 7 47 
she was found to have a blood pressure of 145/95, and albumm m the urme* 

Tlio first clearance records were obtamed on 17 12 46, when she was 
still ocdcmatous, inth a unne volume of 15 oz and a B P of 150/110 The 
second set of clearances was done on 17 1 47, when her cedema had gone, 
her daih unne volume was oier 30 oz , and her B P 140/85, but a trace of 
albumm was still present m the unne A third set of results was obtained 
on 2"i 4 47 
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Case 2, female, aet 36 Had frequent colds, with sore throat, during tho 
two months before her admission on 13 2 47 One week before admission, 
swellmg of the face and ankles was noticed, together with headache and 
dyspnoea On admission, there was ohguna, and the urme contained red 
cells and albumm The B P was 170/110, and oedema of face, hands, and 
legs was present Blood urea 24 mg /lOO ml Diuresis set m soon after 
admission, and she was discharged well on 7 3 47, with a B P of 126/80, and 
no albumm m the urme 

The clearance records were obtamed on 18 2 47, when the BP was 
136/95, and oedema was still present This patient could not attend for 
follow-up estimation after recovery 


Case 3, female, aet 16 Admitted 26 2 47, one month after the onset 
of an unusually severe cold, which lasted two iveeks Dull pain in the 
loins, hsematuria, oliguria and oedema of the face had been present for tuo 
weeks before admission At the time of admission, the urme contained 
blood and albumm, and there were hyahne and epithehal casts Oedema 
was not promment B P was 166/112, blood urea 20 mg /lOO ml Recoverj' 
from her attack of acute nephntis was slow, and although the blood pressure 
had come down to 140/85 on 4 4 47, and she was free from all symptoms, tho 
urme stiU contained 2 6 g of albumm per htre when she was discliarged 


on 14 4 47 

The first oleaiance records were obtamed on 26 2 47, her B P then being 
165/112, and urme volume for that day 26 oz The second set of cleara^s 
was done on 12 3 47, the B P being 140/95, and uime volume 19 oz Tho 
thud set of clearances was done on 11 4 47, mth BP 115/85 and urme 

volume 43 oz on 10 4 47 
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SLOW RECO^^RY FROM ISCH^JHA IX HUJIAX 
NERVES * 


B3 E D BARLOW and E E POCHIX 
(From the Department of Climcal Research, University College Hospital 

Medical School ) 


Whek the circulation to the human arm is arrested, sensation becomes 
impaired m the fingers after about ten mmutes By half an hour, sensation 
18 defective over much of the forearm and certam voluntary movements 
have become paralysed If the circulation is then released, these defects 
are found to disappear intlim a feu mmutes, and the arm appears normal 
uhen tested 

If such an experiment is repeated on different days, these changes 
develop after times ubich are about constant m the same subject If, 
houever, tuo such occlusions of the circulation — each lastmg, say, half an 
Jiour — are done on the same arm m one day, it has long been knoum that a 
given cliange maj be observed a feu mmutes earher m the second occlusion 
than in the first ( 4 ). even though the circulation to the arm has been free 
for a period of hours between the two occlusions For this reason, m studies 
on sensorj'^ and motor changes durmg circulatory occlusion m this department, 
repeated occlusions of the same arm withm the same day have ordmarily 
been avoided It seemed desirable, houever, to study the recovery from 
ischaimia in a quantitative uaj for several reasons It was not clear to 
uhat nerve function so slou a recover} could be ascribed In addition, if 
the effects of ischsemia could still be demonstrated after a period of hours, 
it uas possible that paresis m certain clmical conditions might be related 
to a cumulant effect of quite short but frequently repeated periods of 
circulator}’’ obstruction Experiments were therefore imdertaken m which 
the circulation uas occluded by means of a pneumatic cuff on the upper 
arm until paralysis of a recorded voluntary movement had occurred The 
circulation uas then restored for a measured mterval of time, and the 
occlusion repeated, the duration of iscb'emia reqmred for paralysis m the 
second occlusion bemg compared unth that necessar} in the first 

• \\ ork iinili rtnken on behalf of the Medical Rescateh Council 
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Method 

A sphygmomanometer cufF of which the rubber bag measured 12 oiu 
by 34 cm was wound round the upper arm m a marked position on it, 
ordmarily such that the proximal edge of the bag was 60 cm from tlio tip 
of the middle fingei To avoid congestion of its vessels the aim was laised 
above the head before arrestmg the circidation The cuff was inflated 
rapidly by the admission of air from a 6-gallon bottle, at a pressure between 
160 and 180 mm of mercury The hmb was then immersed m water at 
36°C to the uppei border of the cuff The temperature of the water and of 
the skm under the cuff were recorded with thermocouples, and raaintamed 
constant 

Although sensory changes were timed and noted, it was thought desirable 
to rely upon a more objective method of determmmg nerve paralj^sis 
Movements of opposition of the thumb w^ere therefore recorded on a 
kymograph at mtervals durmg the occlusion This action was selected 
because it gave a cleai endpomt of paralysis which did not mvolve an unduly 
long occlusion Durmg ischaemia, the hand assumes a position of rest in 
which the fingers are shghtly flexed at all jomts, while the thumb is somewhat 
abducted from the palm but is not flexed The movement recoided was 
such that from this position the tip of the thumb moved towards the tip of 
the fourth finger, without flexion at any thumb jomt It did not prove 
difficult to prevent flexion of the thumb or other movements mterfenng 
with the endpomt The contractions were made at tunes announced by the 
experimenter, startmg about ten mmutes after occlusion of the circulation, 
the exact time bemg unknown to the subject Contractions were then made 
4-minutely until the subject himself announced them as becommg weak, 
after which they were made J-mmutely until they failed to give a recorded 
or visible movement of the thumb In this way, the onset of paralyse 
could be timed with reasonable accuracy, and ischsemic muscle pam did 
not occur m any of the 102 such occlusions performed The amphtude of 
Ltracfon wJreoorded, usmg a hu.ged rod ^h.ah 
modial aspect of the metaoarpo-phalangoal joint of the ^ 

of this rod, which wan 21 cm long, compressed a rnhher hnlb which 
recorded by means of a tambour Recordmg was roughly isotonic 

Under these mrenimtanees, the amphtnde "f 
lemamed about constant for approxunately 20 

arrest, after which it “ ooiild 

weak or too localised to be recorded (Fig ) , ^jefore the 

then usually be observed by inspection these 

movement was finally lost A lecord was ma e o contraction 

J-mmutely voluntary efforts first failed to prod 

This measure of paralysis time was g^ce this time, 

amphtude of contraction fell to, say, ha i kvniogi’aph record, 

although It could be acemately deteimined from the kymogi i 
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was affected by any differences in position of the hand relative to the 
recording apparatus in different occlusions 

In subjects who were famihar with testing sensation during circulatory 
arrest, records were made of the rate of spread of numbness and of 
antesthesia up the arm Attention was confined to changes affectmg the 
skm of the dorsum of the thumb and of the radial border of the forearm 
The experimenter, usmg a clock which uas mvisible to the subject, recorded 
the times at which the latter announced that numbness or anaesthesia had 
extended over each phalanx of the thumb and over various fractions of the 
forearm above the unst Numbness was mterpreted as the earhest sensory 
defect to testmg of the skm with a normal finger , anaesthesia corresponded 
to complete loss of sensation to hght touch mth similar testmg 




Fip 1 Amplitudo of thumb contractions in a control occlusion (43a} and m a second occlusion 
(43b) following after a 32 nun. period of free circulation. 

Tune marker, half mmutos Figures record time m mmutes smee occlusion Belease 
of circulation after 26 mmutes m 43a and after 184 mmutes m 43b Subsequent contractions 
attempted at 6 second mtervals until 60 seconds after release 

The subject had no clue from the clock or kymograph drum, as to the 
limes at uluch sensation or movement were becommg paralj'sed The 
failing movements followed a regular pattern of subjective weakness, 
dccrcasmg amphtude, slou cd and tremulous development, locahsed contrac- 
tion, and final failure We were satisfied that the endpomt was not 
apjireciablv influenced by vanabihtj m the effort made to contract the 
muscle, and that the subject w as uncertam as to w hether failure was occurrmg 
earlier or later than m any previous or control occlusion Sensory changes 
occurred at rather less constant times in different control occlusions, and it 
IS diflicult to be sure tliat entena of numbness or anssthesia did not vary 
It IS likeK that such 3ariabihty occurred, smee m certam control occlusions 
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the tunes for all sensory changes m the arm were sv8tPi«nt,«oii 
earher, and m other cases later, than normal Fo^ this reasonTm^ ff 
motor paralysis are considerably more mhable and have been used 
basis for determinations m the present work, although the times of se^v 
pMatysw^^""^ supported the same conclusions as given by tJiose of motol 

In each experiment, the circulation was released when the movements 
of the thumb had become paralysed-ordmanly at the ensuing lialf-imnutc 
Contractions were then attempted every 5 seconds for 60 seconds after 
restoration of the circulation, the first one usually failmg to record and that 

at about 30 seconds commonly reachmg the full amphtude recorded earlv 
ni occlusion '' 


Except when a second occlusion was to stait vnthin a fen minutes, 
the cufl?’ u as then removed and its actual position durmg occlusion measured 
usmg the uppei boidei of reactive hypersemia to indicate the level to winch 
tlie skin had been rendered isehasmic by the cuff 


Results 

The general course of recovery from circulatory occlusion was studied 
fiist in two subjects, and the mfiuence of certam expermiental oiTors 
mvestigated The vahdity of the data was then extended b}' observations 
on three othei subjects unfamihai with the premus results, on whom the 
time of paialysis was estabhshed after recovery periods of 4 muiiites, 1 hour, 
and 24 hours Finally, tests were made to determine any ciunulant effect 
and the site of action of the phenomena studied The consistency and eiTors 
of control obseivations will be discussed first 

Conti ol data In the pairs of circulatory occlusions, the first, or control 
occlusion, was never done on an arm w'hich had been occluded dining the 
previous 6 da 3 ^s Under these circumstances, paralysis occurred within 
reasonably constant times which had an average of 24 7 mmutes m the five 
subjects (Table I), and a standard deviation of 1 1 ramute for repetition 
on any given subject’s arm The time of paralysis did not appear to be 
related to the interval smee the precedmg occlusion on the same arm when 
this was 6 days or more Sensory changes had a rather loner constancy of 
onset m control occlusions, the time at w^hich they w^ere noted at different 
levels haiong a standard donation of 1 9 mm m the two subjects m whom 
these changes were regularly lecorded {see Table 11) 

Smee it has been shown that the onset of paialj^sis is affected by the 
position of the cuff on the arm (4), this position, and the skm temperature 
under the cuff, have been measmed and controlled in all experiments In 
addition, the effects of then variation were separately studied m a subsidiary 
experiment on two subjects m w'hom the effect of a 24-hour recovery interval 
between occlusions was also bemg exammed Sixteen .occlusions were 
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TABUS I 


Paralysit linus tn control oeduatona 


1 

Subject 

Arm length 
OlecTsnon to 3rd 
finger tip 
(cms ) 

Top of Cuff 
Mean distance to 
3rd finger tip 
(cms ) 

Paralyata Itmea 

(mm.) 

Mean I 

Itme 

(mm) 

Mean (tme 
aa/or cuff 
at 60 cmt 
(mm ) 

EDB 

47 

63 0 

23}, 23}, 24} 23, 
26}, 20} 

24 6 

26 6 

EEP 

48 

02 3 

23}, 22}, 23}, 24}, 
22} 23} 24}, 24 

23 7 

24 4 

H H AV 

46 

69 0 

26}, 27}, 27}, 28} 

27 3 

27 3 

AJH 

44 

69 B 

21}, 21}, 22}, 22} 

221 

22 0 

JHH 

1 40 

00 0 

24} 22}, 26}, 24} 

24 4 

24 4 




Mean for all aubjects 

24 7 mm 




Standard deviation of means 

1 0mm 




standard deviation of single 
determinations m the same 
mdividual 

1 1 1 mm 


TABLE n 


Mean tmea for aemory dejecta «n control ocdtmona (m»n ) 


Defect 

1 

Numbness 

Amsstbesia 

Subject 

EJ33 

EEP 

EDB 

EEJ 

PoeUton 





Thumb tip I 


99 

10 3 

10 8 

,, distal ]omt 


10 0 

20 6 

17 6 

, proximal joint 

Wnst 



21 2 

18 4 

10 6 


22 7 

18 2 

} up forearm 

18 0 < 


23 3 

18 R 

} up forearm 

10 2 

14 0 


21 5 

Mean standan} donation 





of single obson ationa (mm ) 

23 

06 

■Bl 

22 


perfonned, each subject undergouig 4 occlusions before, and 4 after a 
24-hour interval of free circulation In each of these groups of 4 occlusions, 
paraljsis tunes were determined for a high and for a lover cuff position, each 
position being combined both vith a \iarm and a cooler arm temperature 
(sec Table HI) 

In this vaj the 16 occlusions give eight separate comparisons between 
pairs of occlusions differmg onl> m the position of the cuff on the upper arm 
and 8 estimates are similarly available for the effect of arm temperature for 
the difference between the subjects, and, as will be descnbed later for’ the 
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source of error m the present experiments An alteration m cuff position 
bj’’ 8 cms doivn the ann resulted m an average delay of paralysis by 2 3 
nunutes Smce cuff position during occlusion, as measured fixim the area 
of reactive hyperaemia, did not usually vary by more than 1 cm m different 
occlusions, the error from this cause should be under J mmute Similarlj , 
paralysis is probably delayed shghtly when skm temperature is lou , a mean 
delay of 0 9 mmute correspondmg to a temperature fall from 35 O^C to 
31 Q°G It is clear that thermojunctions on the skm give httle mdication 
of the temperatures of nerves lymg deeply m an ischsemic arm These 
skm temperatures were however usually withm 1°C m different experiments 
foUoirmg similar procedures, and variations m this factor should not 
ordmanly have caused errors of over J mmute It is possible that, m re- 
occlusions after very short penods of release, reactive hyperaemia may warm 
the deep tissues of the arm and cause a shghtly earlier time of paralysis 
than the skm temperatures would mdicate , but it seems unhkely that 
appreciable error would result even here, smce the atm was normally warm 
before the control occlusion also 

These sources of error are thus adequately controlled, smce their effect 
IS inthm the observed vanability of paralysis times It may be noted that 
the lanabihty of the repeated estimates of the effect of a particular factor 
given m Tables HI and IV mdicate a standard deviation of 1 5 mmute for 
the difference between paralysis times, which corresponds to one of 1 1 
mmute for each paralysis time, agreemg u ell with the vanabihty m control 
times noted above 



he ~ rnrahBiB times m second occlusions plotted m terms of those in control occlusionB 
preceding them bj \nnous internals with free circulation Different symbols represent 
different subjects Data do not include the confirmatoiy results of Table IV 
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Recovery fiom i8ch(B)nia Whm the circulation is arrested twice 
the same arm, with vanous mtervals of free circulation between the 
occlusions, paraljrsis occurs earher m the second than in the first occhisio 
by an amount sbowm m Fig 2 Here, the difference m the times of painh-sis 
IS plotted against the duration of free circulation between the occlusions 
usmg a loganthmic scale for the latter for convenience of presentation’ 
It ivill be seen that recovery is mcomplete for at least 6 hours after an 
occlusion of about 26 mmutes and sufficient to paralyse opposition Althouch 
the time needed for paralysis returns rapidly to half its normal value after 
the first few mmutes of a restored circulation, it only reaches three-quarters 
of normal by about 30 mmutes, or seven-eighths of normal by 2 hours of 
circulatory re-estabhshment The rate of recovery is broadly similar in 
different subjects (Table V) 


TABLE V 

Pantlyata times m different subjects [minutes) 


Interval between occlusions 


Subject 



1 . .. 

4 nitn 

1 fir 

24 fir 


Paralysis tunes in 


( 

Confer 

QCC 

2nd 

occ 

Diff 

Confer 

occ 

2nd 

occ 

Diff 

Confer 

occ 

2nd 

occ 

1 Diff 

1 

EDB 

232 

13 

-102 

232 

182 

—5 

242 

26 

+11 

EEP 

CO 

102 

—122 

232 

162 

-72 

242 

27 

+22 

HHW 

262 

13 

-122 

272 

102 

-72 

272 

312 

+31 

A JH 

212 

132 

- 82 

212 

182 

—3 

221 

222 

0 

JHH 

242 

132 

-112 

222 

182 

—42 

262 

272 

+22 


(5 mm mtor^'al) 








Mean difference 

—112 



—66 


1 

-2-2 0 


Standard error 

08 



09 



06 


When the comee of sensory paralysis is compared m such pairs o 
occlusions, all the stages of sensory loss are also found to develop 
the second than m the fii-st It is of mterest that the times at wdiioh van 
defects occur m a second occlusion do not differ from t e . 

times m the first by a constant amoimt, but are reduced m a roug y co 

For example, paralysis of opposition occurs 
mmutes of occlusion, but would develop after only /o 
or 10 mmutes earlier, m a second occlusion after about 7 
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free circulation Yet numbness, which reaches the wnst at, saj, 15 
mmutes m the first occlusion, will do so m the second m 60% of this 
time, and so 6 and not 10 mmutes earher than m the first This 
relationship holds as an appro-ornate one both for sensory defects — 
the arrival of numbness or anaesthesia at different levels m the hand or 
arm — and also for different degrees of impairment of the amphtude of 
muscular contraction 

It IS thus an over-simphfication to picture a second occlusion as 
starting mth a certam “ handicap,” or zero error m time, oihng to 
mcomplete recovery from the first The actual tune differences, as 
given m Fig 2 are thus dependent on the choice of thumb paralysis as 
an mdex , but the ratio of the paralysis tunes, as compared u-ith those 
of control occlusions, wdl be roughly true for any stage of sensory or 
motor paralysis studied 

It has been stated that muscle contractions rapidly recover, often to 
full amphtude, within J minute of releasmg the circulation * For anj 
stage of recovery shortly after release, there is a correspondmg tune before 
release at which the amphtude of contraction was equally reduced Table 
n show s the relationship between the mterval of free circulation after w hicn 
a particular amphtude is reached, and the mterval of occluded circulation 
before release at which the amphtude of contraction was equally reduced 
For recovery times from 10 to 30 seconds, each second of free circulation 
reverses the effects of about 9 seconds of occluded circulation 


TABLE 

Rtcoicnj after ecntrol occlimona 


Tiino of contraction after release (sec ) 

6 

1 

1 15 

j 20 

25 

30 

Time before release at which contrac 
tion was of equal amplitude (sec ) 

89 

1 107 

! 138 

1 180 

217 

! 

24U 

Ratio (time before/time after) 

17 8 

1 

1 10 7 

1 

, 92 

1 

90 

87 

1 

80 


Data based on 31 recovery cun es of 5 subjects 


In the two subjects first studied, occlusions were done 24 hours after 
control occlusions, to determme whether the times of paralysis had then 
returned to their control lalues In both these experiments, paralysis 

was found to occur rather later than m the correspondmg control or m 

nil} other control — occlusion This odd finding was studied m two wavs 
As stated aboie, the effect of a 24 hour period of recover} was determmed 
111 8 further experiments, w Inch gave the consistent results shown m Table HI 


•Since mo\ ement was recorded isotonicalK u-uig a light load, we do not claim to record 
the earliest defect in muielc power during ischemia, or the time of full reco^er^ after release 
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In addition, tests were made on 3 furthei subjects, unfannliar with t!\e 
piecedmg results, of whom tivo showed a similai mcrease of paralysis tunc 
after a 24 hour recovery, and one a time equal to the control tune (Table Y) 

On poohng all these tests, the mean inciease was of 2 76 minutes (Staiulaid 
Error 0 36 mm ) on the mean control time of 24 7 minutes It is clear that 
this difference is larger than could he due to a chance sequence of landoin 
errors (t = 7 8 foi ii = 12 whei-e values of t greater than 3 1 correspond to 
a chance probabihty less than 0 01) , and we can see no systematic crroi 
hliely to cause such a result It is knovm that a reactive hyiieisemia of 
skm vessels to the control occlusion would have fallen to a low value within 
thirty mmutes of circulatory release (3) While it is possible that reactno 
hyperemia m neive might be much more prolonged, it is difficult to bohoie 
that this could be the cause of the observations The differences aie 
altogethei largei than conid be caused by a difference m the effort made to 
move the thnmb, the thumb movement having commonly been httle, if at 
all, reduced m amphtude m the second occlusion at a time when it had already 
faded m the first After the control occlusions the arms showed no oedema oi 
persistent vascular change, and gave no pam or other sensation causmg thorn 
to be protected from normal use It seems Idtely, therefore, that this 
mcreased resistance to ischemia is a genume phenomenon ansmg as a 

phase of nerve recovery j , o « 

Aftei a 48-hom recovery mterval, paralysis times 0 0, +2 6 and +3 8 
mm gieatei than the correspondmg control times were observed m thmc 
^bierTcompared vnth mU mcreases of 2 4. 3 6 and 3 8 mm for these 
subjects at 24 hours, suggestmg that the resistance to ischaemia is decreasing 
at 48 hours after the control occlusion 

complete for many hours, it seemed possible that tto F ^ 

oeolusions dnrmg such a peuod mght be “ Jthwb mtermillent 

be of immediate elmieal mteiest m any condition m wnion 


TABLE Vn 
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pressure on nerve trunks was associated with paresis Expemnents of two 
types were therefore made on this pomt 

In the first group of experiments, four successive occlusions were each 
contmued imtil opposition became paralysed, a constant mterval of recovery 
hemg allowed between them This mterval was of 1 hour m two subjects 
and of half an hour m another 

It IS seen from Table Vii that paralysis occurs earher m the second than 
m the first occlusion by the amount already descnbed, hut paralysis develops 
m the third and fourth occlusion at about the same time as m the second 
In a further experiment, the occlusions were separated by 24r-hour mtervals, 
and the third and fourth occlusions showed no greater mcrease m paralysis 
tune than was observed m the second (Table VJl) It appears, therefore, 
that under these circumstances successive occlusions do not have a cnmulant 
effect 


TABLE Vin 

Paralyaia Ivnei after cycles of oeelunon and release {minutes) 


Subject ^ 

Cycles 

Paralysis 
time tn 
ensuing 
occlusion 

Mean Control 
Paralysis 
Time 

Difference 
due to 

Cycles 

Duration 

Oce Bel 

(mm.) 

No of 
Cycles 

EJIJP 

2 

B 

10 

21 5 

23 7 

(12 2) 

H£W 

3 

B 

8 

28 25 

27 3 

(110) 

EEJ> 

21 

i 1 

10 

16 6 ^ 

23 7 

72 


In the second group, a senes of short occlusions, each followed by a 
short penod of release, preceded a long occlusion m which the tune required 
to paralyse opposition was compared with that m control occlusions Table 
Vm shows that cumulant effects are evident if the penod of release of the 
circulation,is sufficiently short Thus, appreciable impairment was observed 
after repeated occlusions of 2 J uunutes, separated by mtervals of free circula- 
tion Instmg J nunute, but not after repeated occlusions of 3 mmutes with 
intervals of 1 mmute free circulation A further experiment with altematmg 
occlusion and release mdicated that, m one subject, cumulation of the 
effects of ischscmia occurs if the penods of ischaemia are about 8 tunes those 
of free circulation Thus \nth alternate occlusions of 2 mmutes 40 seconds 
and releases of 20 seconds, a sensory defect, established by previous ischaemia, 
liad neither advanced up nor retreated down the arm at the end of successive 
occlusions The same balance vas achieved with 6 mmutes 20 seconds 
penods of occlusion and 40 seconds penods of release This result is 
comparable ivith that mentioned above (p 311) that a short penod of free 
circulation reverses the effects of a precedmg penod of ischaemia lastmg 
9 tunes ns long, as judged by the amphtude of muscle contractions It 
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Ltscusston 

The full recovery of nerve from circulatory occlusion has, in these 
experiments, lasted more than 12, and probably about 24 times as long 
as the penod of occlusion causmg it This rate of recovery may seem 
imexpectedly sloir for two reasons Firstly, the rapid restoration, withm 
a nunute of release, of approximately normal motor and sensory ftmction* 
suggests that recovery is rapidly completed after occlusion, unless it is realised 
that the re-estabhshment of normal function is a highly insensitive mdex 
of complete recovery Secondly, if paralysis is due to a slow exhaustion of 
oxygen by the low metabobc needs of active nerve, the restoration of an 
adequate oxygen supply to the nerve should be more rapid when the 
circulation is released and recovery might be correspondingly swift It 
has mdeed been found that, m the fimt mmute of recovery, each second is 
sufficient to reverse the effects of about 9 seconds of precedmg ischsemia 
(Table VI) This phase, which may well be detennmed by reoxygenation 
of nerve, is sufficient to brmg the nerve rapidly to full function on simple 
testmg After the first mmute, however, the recovery process becomes 
greatly slower, and is stdl m progress six hours later It is hard to beheve 
that, at such periods, oxygenation is still madequate, and other hypotheses 
for this slow nerve recovery must be considered 

It 18 iwssible, m compression of segments of isolated nerve, that oedema 
or deformation of the nerve at the limits of compression may mitiaUy prevent 
the restoration of circulation when pressure is removed, or damage the 
nerve m other nays, and Bentley and Schlapp (1) have shown that recovery 
may be delayed for long periods or mdefimtely under these circumstances 
Comparable results were obtamed by Lewis and Pochm (6) from the pressure 
of a narrov band on the finger, when nerve recovery was delayed for many 
weeks, presumably because the nerve was damaged irreversibly by 
deformation If similar narrow bands are used as hgatures on the rabbit’s 
ear, it is found (6) that a zone of oedema borders that of compression, and 
that arteries may not re open across this zone as soon as compression is 
removed, while venous fiow is often much delayed 

It seems most unhkely that, m the present experiments, any such 
effects were caused m nerve by its local deformation or by any known effects 
of pressure other than that of circulatory arrest Pressure by the wide 
cuff used does not cause, even m the skm, sufficient deformation at its hmits 
to delay the immediate re-entry and passage of blood throughout the area 
In deeper tissues such as the nerves concerned, no appreciable deformation 
or localised nippmg can be expected as the limits of compression must be lU 
defined This point has been further exammed by radiography of the arm 
before and dunng compression by the cuff, usmg fine wires lymg between 
arm and cuff It vas found that the greatest change m arm diameter was 

I)ono^‘‘ noodles,’ and probably sbgbt sonsozy and motor defects persist for longer 
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a 4% reduction at the upper border of the cuff, while at the lo^er border tbe 
change was even less Under these circumstances, the mechatucnl 
deformation of a nerve lymg deeply in the arm must be very slight It 
seems clear that the phenomena studied are due to cessation of blood sapph 
to nerve trunks and the surroundmg tissues, and that recoverj’ is slovi 
although blood and oxygen supply to the nerves are probably restored 
immediately 

We have not mvestigated what deficiency or accumulation of anj 
metabohte durmg circulatory occlusion is responsible for the defect uhicli 
recovers slowly" Gertam causes, such as the breakdown of ionic distributions 
across membranes, would presumably recover rapidly and are unhkely to 
be responsible Others, such as the destruction oi local loss of orgaiuc 
molecules, might be more slowdy restored The recent w^ork of Harvo^ 
on the slow return of plasma cholme-esterase concentrations after di 
isopropylfluorophosphate (2) shows that the delay m nerve recovery is 
by no means too long to be explamed by a local loss of such materials If 
these phenomena can be reproduced m experimental animals, any deficiency 
which delays recovery may be easily identified If so, by retummg to 
human experiment the effects of materials on the speed of recovery could 
readily be studied for an hour after admnustration, smce the paralysis 
time is still substantially reduced for this penod after a control occlusion 
It 18 clear that the apparently mcreased resistance to ischsemia which recurs 
24 hours after occlusion m man can also be more exactly and rigorously 
exammed if reproduced under the fuUy objective conditions of animal 


experiment 

The clmical imphcations of this work have not been explored l 
seems unhkely that paresis from mtermittent ischsemia is of general 
impoitance smce, at least foi the durations studied, circulatory amst must 
occupy 90% of the total cycle if paresis is to develop rapidly It has not 
been established whether occlusion for a shorter proportion of the tme, 
but contmued mdefimtely, would ultimately cause an equihbrium state 

which paresis occurred 

It IS of some mterest that, m the hours followmg a circulatorj^ "S 
the nerve may be normal to simple tests of function, yet 
decrease of rLstance to further occlusion We have not 
Ige to occlude the circulation to hmbs m which the 
function was impaired, for example m peripheral neim “ ^ 

smce the longer lastmg effects of isch^ia ^gh e 
cases It IS clearly possible, however, that certam 

to a sustamed impairment of whatever factor causes particular 

after occlusion The duration of ischaiima necessary to Native 

nerve function might, if it could be safely degrees 

mode of mvestigation which would, moreove , normal 

impairment m nerves of which the function was appare y 
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StTMMABY 

After occlusion of the circulation to the human arm with a cuff for 
26 mmutes, movements and sensation return rapidly to normal Por a 
penod of many hours, however, full recovery of the nerve can he shown to 
be mcomplete, smce in a second occlusion, motor and sensory changes 
develop earher than m the first (Fig 2) 

Eecovery is only complete m this sense after about 10 hours, while 
at 2i hours after the first occlusion, the nerves consistently have a shghtly 
increased resistance to ischsemia, paralysis of thumb opposition occumng 
at a time greater by 10% than m control occlusions 

The slow recovery from occlusion appears to he due to an effect of 
ischsemia on nerves below the cuff The effect is not cumulant m a sequence 
of occlusions unless the penods of free circulation are small compared with 
those of circulatory occlusion 

The possible causes and chnical imphcations of the slow recovery are 
discussed 
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"ON THE BEHAVIOUR OF DEEP AND CUTANEOUS 


SENSIBILITY DURING NERVE BLOCKS” 

By J H KELLGREN and ANNA J McGOWAN 
(From the Medical Eesearch Council Staff at the Wingftdd-Morris Hospital, 

Oxford ) 


Inthodtiotion 

Foe many years it was recognised that pam ansmg from the deep tissues, 
such as the muscles, bones and jomts, was m some way different from pam 
ansmg from the skm This distmotion was further emphasised by Lewis (10) 
who showed that the vanous deep structures all gave nse to a diffuse achmg 
pam uhich could always he distmgmshed by the subject from pam ansmg 
from the skin by its different and charactenstic quahty Because of this 
Lems suggested that deep pam and skm pam might be separate modes of 
sensibility Smce then deep and cutaneous pam have been found to differ 
m other respects[(9, 11) and if it was shown that deep pam and sTnn pam 
sensibility could be dissociated the view that deep pain and skm pam are 
separate modes of sensibihty Would receive substantial support 

It IS generally accepted that the tissues deep to the skm may give nse 
to sensations of pressure as well as pam (8, 19, 20) Head (7) observed that 
firm pressure transmitted through an area of anaesthetic skm could still be 
appreciated as pressure and Von Frey (17) observed that the threshold of 
pressure sensibility became raised when the skm was anaesthetised To 
what extent this deep pressure sensibihty which remams after the skm has 
been anaesthetised should be considered to mclude jomt and position 
sensibihty or the sense of vibration transmitted through bone is not entirely 
clear, but these sensations are all provoked by mechamcal deformation of 
the tissues and they have a similar non-pamful quahty Deep pam, on the 

deep pressure WeddeU and 
rpman (20) found that sensations of pam and pressure were ehcited from 
spatiaUy separate spots m the deep tissues Lewis and Pochm (14) found 
that in nerro blocks produced by pressure and ischemia deep pam sensibihty 
remained after all sense of position and deep pressure had bLn lost whii 
Hembecker, Bishop and O’Leary (8) found that pressure 
to otoM “* * ’Tt,"'’'” “ P™ ” “"la BO longer 

.re 0^ deep e,n£“!!p“ 
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pneking pain unit of cutaneous senaibnity made tt desirable for us to know what was happening 
to “ pricking ” dunog our nerve blocks, and we also wished to use a graded mechanical stimulus 
which wovdd be comparable to the stimuh used for testing deep sensibihty We, therefore, 
used a trocar pointed steel wire with a diameter of 0 5 mm , attached to a spring , by gradnally 
increasmg the pressure with which the pointed wire impinged on the uan, a gradation of 
sensations was produced With li^t pressures, the wire only gave a sensation of contact, but 
with increasing pressure a sensation of pricking and finally pain became added The pnckmg 
pain sequence was particularly clear when the wire was apphed over one of the high spots of 
greater pain sensitivity descried by Bishop (3>, and we maj^ed out such spots on the hand and 
marked them for repeated testing 

Touch sensibihty was tested by stroking the skin with strips of paper 1 cm wide These 
strips were cut from different weights of paper so that their bending strain, when apphed at an 
angle of 46”, varied from 0 005 g to S 0 g Along the ulnar border of the hand the paper with a 
bending stram of 0 005 g could not be appreciated provided the hairy sbn of the dorsum was 
a\ oided, the next weight O-Ol g was invariably just appreciated while the heavier papers gave 
a more pronounced sensation of touch. We have used this method of stroking because it brings 

certain changes m touch sensibility which ate not clearly appreciated if touch is tested bj 
Frey's hair atone 

RaSBIiTS 


Deep eeneibmty on the dorsum of me. naim 
After antBBthetiBing the Bkvn over the dorstun of the hand by eleotro- 
phoresiB, we investigated the remaining deep sensibikty by means of the 
preastire appheators 

A pressure of over 300 g always gave nse to a sensation of pressure 
The quahty of this sensation was not imhke that of touch but it could be 
recogmsed as arising from the deeper structures A contmuous pressure of 
300 g gave nse to a contmuous sensation of pressure that remamed constant 
for penods of over one mmnte, there bemg no adaptation , but with a 
pressure of 100 g, the sensation rapidly faded away so that after about 
15 seconds it was no longer appreciated, and if the pressure was reduced 
stow ly It could be removed altogether without arousmg any further sensation 
If the pressure was reduced rapidly there was a shght but defimte “ off” 
sensation With a pressure of 26 g, the adaptation was very rapid the 

thoT^eshSH f ® ^ adfptetion 

^ f®? pressure sensibility vaned with the rate at winch the 

pressure was allied A pressure of less than 16 g was not appreciated 

in Iprr f ° ^ pressure was mcreased from 0 to 26 g 

in less than half a second a bnef sensation like a tap was expenenced but 

\penenced until the pressure reached well over 100 g It is mteresfinir 

adantation*t/ r Pressure paraUels very closely S 

daptation of paccmian corpuscles as desonbed bv Adnan m Tf fh- 
pressure was mcreased graduallv above 300 w T r ^ 

also increased graduaUy and wSn thJL! ® J^sation of pressure 

furthot moreosoB ot ^oStto 3 With 

dutnbution became more ndennoad Lf 3' ^ mcreased and its 

con...,, e^t tb... 
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stimulus merely increased the seventy of the pain but did not alter its 
quality The threshold for deep pam as tested by the pressure nlgcsiometer 
vaned considerably jErom one part of the hand to another Wo found the 
base of the fourth mterosseous space the most satisfactory place for testing, 
and provided pressure n as apphed to the same spot and m the same direction 
successive readmgs vaned by less than half a kilogram The speed of 
application was also important If the pressure uas increased slowlj over 
a period of more than 10 seconds the threshold readmgs remained constant, 
but with more rapid appboation there uas a tendency to oicrshoot the 
end pomt and the tlireshold readings became much higher Wo uero unable 
to demonstrate any adaptation of pain Thus on a spot uhere the threshold 
for pam was 1 kg this pressure was mamtamed for over five minutes uithout 
any significant alteration m the sensation of pain, and mth greater picssurcs 
a similar result was obtamed 

It has been stated that cutaneous ansesthesia loners the threshold of 
deep pam sensibility (7) We were unable to confirm this Wo apphed 
graded pressures through both normal and anEOsthetic skm, produced bj 
electrophoresis, and found that deep pam nas experienced with the same 
degree of pressure m either case , there nas also no difference m the quahtj 
or the seventy of the pain experienced Wlien cutaneous anaisthcsia nas 
produced by blocking or cruslung the cutaneous nerves the threshold for 
both deep pam and pressure was markedly raised over the centre of the 
anmsthetie area Dunng recovery of such a nerve block and during 
regeneration of the crushed nerve, deep pam sensibihty returned before 
cutaneous sensibility became normal and dunng tins phase both excessive 
pam and a lowermg of the pam tlireshold to pressure were noted, and nc 
tlimk this may account for the difference betneen our findings and those of 
previous observers (4. 7) We noted, however, that cutaneous 
increased our awareness of deep sensations m the same u ay 
famt noise more readily m darkness than in bnlhantly illuminated 

surroundmgs 

Deep sensibihty in nerve blocls 

HavmR become fomibar with the normal deep '““'’'''‘J’ ”, 
of the hand we proeeeded to block the nlnar nerve “"i, 

and to observe the fadure and recovery of deep pain an p ,our 

Notes were also made of the onset of motor paralysis and of the hehai, 

of cutaneous pam and touch sensibility for oompimso r ,|„ 

The changes m deep sensibihty which msult 
ulnar nerve by the clamp will be desenbed rs pressure 

minutes of compression no change could aj -n j second) remained 

sensibility , the threshold for quick apphcation ( Pressure of 300 g 

at 25 B and the sensation produced by a 201h 

remained constant for a period of over 30 seconds Alter 
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nuntite the threshold for quick application began to nse and after 30 to 35 
minutes of compression it rose to over 600 g and shortly after this deep 
pressure sensibility failed altogether, higher pressures giving nse to pam 
only As the threshold for qmck apphcation vras nsmg the sensation 
produced by a contmuous pressure of 300 g began to fade away so that when 
the threshold had nsen to between 76 and 100 g the sensation from a 


continuous pressure of 300 g faded away completely in about 16 seconds, 
and when the threshold approached 300 g the sensation &om a continuous 
pressure of 300 g faded m a second or two, thus a nsmg threshold was 
accompanied by more rapid and complete adaptation 

Throughout this penod deep pam sensibility altered little, though there 
was sometimes a shght lowermg of threshold after 20 to 26 mmutes of 
compression After 30 mmutes of compression the threshold for deep 
pam, as tested by the algesiometer, began to nse slowly and after about 
one hour of compression the threshold rose to over 7 kg When this occurred 
no deep pam could be produced by a further mcrease of pressure, and no 
pam could be ehcited from the deep structures by exploration with the 
needle pomt or by the mjection of 6% salme Thus complete analgesia 
of the deep tissues resulted from about one hour of compression The 
deep pam response from local coolmg failed more quickly so that no deep 
pam followed the application of ice when the algesiometer readmgs had 
nsen to about 5 kg The immediate pam response from the skm failed 
completely before deep pam sensibihty was matenally reduced , while the 
skm contmued to give a delayed pam response long after all deep pam 
sensibility was lost ^ ^ 


When the clamp was released after one and a quartm* hours of 
compression deep pam sensibility recovered rapidly, retunung to normal 
withm the first mmute Deep pressure sensibihty recovered more slowly 
dunng the second, third and fourth mmutes after release and its recovery 
was accompanied by mtense spontaneous sensations of "buzsane” and 
cramp felt m the uhiar part of the hand “ 

Occasionally the ulnar nerve escaped proper compression and the 
resultant block failed to progress beyond a certam stage f but if car© was 
taken to compress the nerve where it passes backwards just above the 
medial epicondyle, satisfactory blocks were obtamed We have made a 
special study of deep pam sensibihty m 20 satisfactory pressure bloo^ of 
the ulnar nerve fri six of these blocks cutaneous an«ShLT4e domum 

dLl ^as first mduced by electrophoresis, while m the remamder 

deep pam was studied through normal skm We did nn+ 
difference m the behaviour of deep mm t 

inshed to study deep pressure as well as deep pam ^ 

d.iroS.t 

30- I. .3-0 .He 4.3 
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the hand During this penod the deep pam thresliold for mechanical 
stimuh rose steadily and irhen the temperature in the region of the nctvt 
reached about 10®C no pam could be elicited from the deep structures m 
the ulnar part of the hand by any form of stimulus 

Deep pressure sensibihty remamed normal imtil the temperature of the 
nerve approached 6®C The subject then experienced a spontaneous 
sensation of tension and cramp m the hand , foUouiiig tlus the threshoW 
for pressure uith quick apphcation rose and adaptation to a contmuoui, 
pressure of 300 g became more rapid and complete In our cold blocks 
deep pam sensibihty was lost when the temperature m the region of tlic 
nerve approached 10®C At a shghtly lower temperature the immediate 
skm pam response began to fail, wlule the delayed skm pam response 
remamed imaffected by much lower temperatures There uas thus a clear 
dissociation of deep and cutaneous pam 


When coolmg was stopped deep pressure sensibilitj' returned rapidlj 
to normal and as the nerve warmed up deep pam sensibihty also returned, 
and during this penod some spontaneous pam was occasionally felt m the 
hand, though this was much less than dunng coolmg 

Durmg procame blocks function usually failed rapidly but 111111 a 
permeural infiltration the onset of paralysis was sometimes spread 01 er as 
long as 30 mmutes In such a block deep pain sensibihty failed during tlic 
first 10 to 16 mmutes, while deep pressure sensibihty persisted till the end, 
Its failure folloivmg the famibar pattern of a nsmg threshold accompanied 
by more rapid and complete adaptation Durmg recovery deep pressure 
sensibihty returned early, while deep pam sensibihty recovered much later 
Durmg the onset of procame blocks, we were unable to make out any constant 
dissociation between deep pam and the immediate and delayed skin pain 
responses, aU three seem to fail about the same time in rather a patchy 
manner, but durmg recovery from a prolonged procame block the dclajed 
skm pam response returned first, deep pam recovered shortly after this, 
while the immediate skm pam response returned someuhat later But there 
u as no clear dissociation between deep and cutaneous pam m these oc s 
Durmg the nerve blocks produced by aU three methods, ue found that 
uhile the threshold for deep pam was nsmg, the tlireshold 
occasionally gave nse to pam of greater seventy than t la pro ucc ^ 
same pressure apphed to the normal hand The pam a so 1 , 

gradually as the pressure was mcreased but became imme la e y s 
tended lo last longer so that the pam response had an of 

explosive character There was, however, no altera ion in 1 ^ . 

the pam and to a smtable stimulus the response remained immcdia 

throughout, there bemg no penod of delayed deep pam - , , 

With our methods of testmg deep pressure sensibility ® ^ 

a similar explosive response, and there was ^ inrA of nressure 

quabti of the sensation of pressure In all the blocks the failure of pressure 
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sensibility following the same pattern of nsmg threshold accompamed by 
more rapid and complete adaptation, the only other abnormahty bemg the 
spontaneous sensation experienced during coohng and after release of the 
clamp 

Vibration sense was tested m all these blocks by a tunmg fork apphed 
over the head of the fifth metacarpal The sensation of vibration became 
markedly reduced when pressure sensibility failed, but it was never altogether 
abohshed, presumably because some vibration was transnutted to the 
non-ansesthetic part of the hand 


Guianeous sensibility in nerve bloeJs 


The behaviour of cutaneous sensibihly m nerve blocks has already been 
thoroughly mvestigated, but by the use of the wire stimulator and the 
graded papers we have noted some changes in both pam and touch 
sensibihty which we thmk are worth recordmg 

Pain When the end of the wire stimulator was held hghtly upon 
normal skm a sensation of contact was experienced If the wire was 
apphed with mcreasmg pressure a sensation of pnckmg became added at a 
pressure of 60 to 70 g (By pnckmg we mean a punctate sensation with 
the quahty of pam but without its unpleasant affective character ) With 
a pressure of 90 to 110 g , the subject expenenced definite pam , if the 
pressure was further mcreased gradually the pam mcreased m seventy 
The transition through pnckmg to pam was a gradual one and it was not 
easy to decide the exact moment at which pnckmg was first felt, or when 
pnckmg gave place to pam so that there was a good deal of scatter between 

mucTM thresholds for pnckmg and pam vaiymg by as 

8 


Dunng the onset of a pressure block no change could be detected m the 

Then the threshold for pam began to faU so that after about 26 mmutes of 
compression the wire gave nse to pam at a pressure of about 50 g At this 
stage there was no preceding sensation of pnckmg, and the pam was ^ 
nee severe and persisted for some time after the stimulus wL removed 

^u^herr^^ “ 

to mve nse to sexpr*. t,=, ♦ further compression the wire contmued 

changed, the pam acq^g an ftchv^harert sensation 

by the word stmgmg S thTnln usuaUy desenbed 

itolung as It faded^wav At stimulus gave placeto 

only %erve compre^L his bl^clSi: 

hours, but although the threshnlil fo + ^ “ quarter 

towards the end of this time we ^ “Suig delayed pam tended to nse 
tms time, we have been unable to abolish this pam 
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response altogether In these blocks two changes \\cre noted m M\n 
sensibihty First the gradual transition through pricking to pam Mas 
replaced by an explosive pain response at the original threshold for imckmg 
and at a later stage there was an alteration of qualitj to stinging, the stingm^ 
pain being always delaj'ed When the clamp was released pam scnsibihli 
recovered rapidly, the normal pncking-pam gradation letummg within the 
first mmute 

In procame blocks pam sensibihty failed more rapidly and the sequence 
of events was less dear, but wnth blocks of slow onset theie was a similar 
penod of explosive pam response Dunng recoveiy, however, a similar 
sequence of events occurred The delayed stmgmg pain returned first and 
passed through a penod of low threshold and explosive response , then the 
pam response to a needle pnek became immediate and the qualitj of the 
pam returned to normal, but the threshold remamed low and the response 
remamed explosive and excessive and only gradually gave place to the 
normal priokmg pam gradation 

In the blocks produced by coolmg the results were similar to those 
observed m pressure blocks As the temperature of the nerve trunk dropped, 
the pnekmg pam gradation gave place to an explosive pain response and 
when the temperature m the region of the nerve sank to below’ 8°C tlie 
quahty of the pam changed to stmgmg and the response to pm prick became 
delayed only As the nerve warmed up the same changes took place in 
reverse order 

Touch In some of our nerve blocks we noticed that touch sonsibilitj 
also passed through an abnormal phase m which strokmg the skin gave 
rise to a curious excessive buzzmg sensation which resembled exactlj the 
sensation produced by touchmg the arm of a vibratmg tuning fork This 
buzzing response w’as well displayed by stroking the skin with the graded 
strips of paper 

Durmg the onset of an ulnar block produced by a pressure of 70 mm Hg 
no change m touch sensibihty occurred durmg the first 16 minutes of 
compression Then the papers began to give nse to the buzzmg sensotion 
and for a mmute or two the hghtest paper which was normally not 
appreciated was felt quite distmctly Then the threshold began to nse 
and the hghter papers failed to give nse to any sensation, w'hile the heavier 
papers contmued to give a buzzmg response until the 26th to 30th minute of 
compression when touch sensibihty was lost altogether When the clamp 
was released, touch sensibihty returned durmg a penod of intense buzzmg 
In procame blocks the same buzzmg response occurred while the threshold 
for touch was nsmg, and durmg recovery the buzzmg response recurred while 
touch sensibihty was retummg to normal In nerve blocks produced by 
cooling touch sensibihty also passed through a similar huzzy phase whici 
was also accompanied by a spontaneous sensation of buzzing felt in t le 
ulnar terntory of the hand 



CUTANEOUS AND DEEP SENSIBILITY 


9 


The buzzing phase of touch sensibihty and the explosive phase of pain 
sensibility were both more pronounced in some nerve blocks than in others 
Thus in procaine blocks these abnormal phases were only pronounced when 
the onset of the block was gradual, and when recovery was spread over a 
prolonged penod such as one hour or more These abnormal sensations 
u ere also more evident on the palmar aspect of the hand than on the dorsum, 
and m blocks of the small cutaneous nerves of the forearm and leg sensation 
simply failed without any precedmg abnormal phase In pressure blocks 
produced by the clamp the buzzy phase of touch sensibihly was only 
pronounced when the pressures used were near the threshold at which 
paralysis occurred, that is between 60 to 70 millimetres of mercury , and m 
such blocks the abnormahties of pam sensibflity were also more pronounced 
than they were when the nerve was compressed by higher pressures In 
cold blocks the abnormahties of pam and touch sensibility were more 
pronounced with rapid coolmg than with slow coohng 

Disoussiok 

Although the changes ocourrmg m deep and cutaneous sensiluhty have 
been described separately, m moat of our nerve blocks they were studied 
simultaneously m order to establish the position of deep pam and deep 
pressure in the general scale of function dissociation Our results m relation 
to those of previous observers are shown m the table 


TABLE L 

Shcu^ the order of fibre ^ralyeu .n nerve bloele The left hand column* represent the resuUs 

^ Beenb^. Bishop and 

O Leary (8) The right hand oolumns ehoip the relative poeUions of deep pain and pressure 
as deitrmintd our awn blocks 


Cold Bloel 

Preesure Bloel 

Proeaine Bloch 

Cold 

Beep pam 

Motor 

Vasomotor 
let pam 

Touch 

Ftessure 

2nd pam 

U annth 

Touch 

Ressure Pressure 
Motor 

Cold 

1st pam 

Warmth 

Deep pain 

Beep pam l 

2nd pom ) 

Vasomotor 

Vasomotor 

Cold 

Warmth 

Skm pain 1 

Deep pam J Deep pam 

Alotor 

Pressure \ 

Touch J Pressure 

j 

1 


blocks deep pSarabl^L ^ 

produced by coohng deep pam fails tp™ ci^neous pam, but m blocks 
cutaneons pom njuol, fid, ],(, jj, dmooioted from 

p.r,»t. ote tho .mmedmto okm pom ^oL ioo boS 
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altogether before the delayed skm pam response is materially rednced. 
It IS mterestmg to note that the failure of deep pam is not preceded by any 
alteration m qnahty, and that the distmotion between the quality of deep 
and cutaneous pain is newer lost 

The clear Association which ooours between deep and cutaneous pain 
in cold blocks and the constant dissociation between deep pain and ptossute 
gives further support to the view that deep pam should bo considered as a 
separate mode of sensibility , and the fact that the deep pam response is 
alwa 3 rs immediate makes it unlikely that the impulses subsorvmg deep pain 
are transmitted by slow oonductmg fibres of the C type 


Cutaneous hyper^esia has been previously noted as ooourrmg in nerve 
blocks produced by pressure {14) and coohng (2, 18) > but from our observa- 
tions it appears that under oertam ciroumstances touch sensibility, as well 
as pain sensibility, may pass through a similar abnormal phase m whioh the 
sensory response to meohamoal stunuh is both excessive and explosive in 
charaoter This abnormal phase seems to ooonr dnrmg the penod of failure 
and durmg recovery of that particular mode of sensibihty and docs not 
appear to be dependent upon the withdrawal of the other Tims m procamo 
and cold blocks pam sensibihty passes through the abnormal phase while 
touch IS still normal, while m pressure blocks touch passes through the 
abnormal phase before pam is matemlly affected If we accept the views of 
Zotterman (22) and Lewis (13) that there are two forms of outenoous pam- 
the immediate pnokmg pam subserved by fast conducting fibres and the 
delayed stmgmg pam subserved by slow conduotors-then the complicated 
m 8 to pam aemabihty o«m m aem blocto ma, 
reptMent the BuceeBeive abnormal phasoe of the mmetoto (pnokmg pain) 
and the delayed (stmgmg pam) 


SUMMABT AND OONOLUSIOHS 

1 Both deep and outanoona sonoilahty have ^ tod.edmbtoto of 
the nlnar norm ^dnood by ptoosure, ooobng and procamo inffltrat. 

2 In norm Hooke piodnood by prooniro and 
Bonadnbty waa diaacomtod from boft «.to»n. ^ 

d«7prm not oamruy alon oondnotmg Sbm. 

of the C type 

3 Under certam circumstances 

sensibility may pass through an g. to mechanical stimuli This 

an excessive and explosive sensory “ . - , ^ recovery 

abnormal phase occurs durmg the penod of failure and dunng 

of that particular mode of sensibihty 
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ON DEEP HYPERALGESIA AIJD COLD PAIN 


By J H KELLGREN, ANNA J McGOWAN and 
B S R HUGHES* 

{From the Medical Besearch Council Stajf at the Wingfield-Morns Hospital, 

Oxford ) 


LsTBODTTCnOlI 

AwnKrt the many patients attending the Wingfield-Morns Hos|)ital for 
painful conditions of the extremities we found a number m whom spontaneous 
pain was only experienced when the affected part was cool and m whom 
•warming the part gave complete reUef This phenomenon of “ cold pam ” 
was observed m patients suffermg from painful states following a vanety 
of traumata, such as simple fractures, gunshot wounds of penpheral nerves 
and minor digital nerve injimes 

In the patients who suffered from cold pain the affected extremity 
was often cooler and more cyanosed than the normal and interruption of 
the sympathetic supply to the part resulted in a varying degree of rehef 
from pain Because of these features we were tempted to consider these 
cases as examples of painful vasomotor disorders (3, S, 6, 9, 16) or minor 
oausalgiB (4, 10, 16, 16), but the relation of pam to coohng and vasoular 
dtsturbance was far from clear, and the results of sympathectomy were by 
no means uniformly successful 

Spontaneous pam is felt m the normal hand when the ulnar nerve is 
cooled rapidly (1) We find that this pain is deep and is experienced while 
the temperature of the nerve is falling from 30° to 15°G As the 
temperature of the hands and feet frequently falls ■within this range during 
cold weather it seemed likely that the cold pam of which our patients 
complained might be caused by an abnormahty of deep pam sensibility, 
and we have carried out both clinical and expenmental investigations to 
e-qilorc this possibihty 


for ® ^ for providing us with the cUnical matensl 

for this wort end Dr O Gordon for providing us mth the subcutaneous thennocwiplM 
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CUNIOAL INVESnOATION. 

Method, 

The first step was to determine the quabty of the patient 
Skm pam 18 convemently produced by pnlhng upon a few hairs on the 
dorsum of the hand, while squeezing the muscles of the first interosseous 
space produces a satisfactory deep pam Most patients had no difficulty 
m recognismg the difference between these two sensations, and m deciding 
which of them resembled their spontaneous pam In all cases included in 
this mvestigation the pam mduoed by cold was deep, havmg the same 
quaUty as pam arismg from the muscles and jomts, and throughout this 
mvestigation we have been dealmg with deep pam as distinct from skin 
pam 

The foUowmg test was used to determme the presence or absence of 
abnormal pam from cooling Both normal and abnormal exbromitios were 
warmed to 37®C m a water bath Both eictremities were then plunged 
mto water at 20°C and kept there for five mmutes If no pain was 
experienced the procedure was repeated with water at IS^C At the lower 
temperature slight pam was usually expenenced m the normal hmb for a 
mmute or two If cold pam was pronounced the abnormal hmb gavo rise 
to pam with water at SO^C and to severe pam at 16®C , when cold pain 
was less pronounced it was only expenenoed at IST, but the pam uas 
more severe and more prolonged than on the normal side If temperatures 
as low as 10®C were used severe deep pam was expenenoed in the normal 
hand, and with still lower temperatures the deep pam was accompanied by 
skin pain and tingling If the test was repeated with the circulation 
occluded by a cuff on the arm or leg, the result was essentially the same , 
the warm water reheved pam while the cold caused the same pam os 
previously, though its onset was a httle more rapid But m a few patients 
in whom the normal vasoconstriction which accompames cooling had been 
interfered with by a recent sympathectomy, pam was only expononced 
when the test was earned out with the circulation occluded 

The deep pam threshold for mechanical stimuh was determined by, a 
sprmg algesiometer with a rounded wooden appheator one centimetre m 
diameter By this apparatus graded pressures were apphed to the most 
sensitive part of the abnormal extremity, and to the corresponding part of 
the opposite normal extrenuty The pressure m kilograms at which coop 
pam was first expenenoed was noted The pressure was then increased j 
a further | kg and the seventy, duration and distnbution of the resultan 
pam from the two extremities was compared 

For assessmg the penpheral vascular disturbance m these patients wo 
have used oscillometry, reactive hyperaemia (13) and records of t o s n 
temperatures 
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Clinical cases 

Til A fnllomne two case histones ate typical 

OTmptoin 

^ ^ Oastl 

t ft * R a Aft Motor rewjverv Wfts cood AJI the muscles of the Ic5 

gome non painful hypenesthesia 

Pam The pain waa deep and was felt diffiisely m the foot. Init when severe it ^read 
up the Icc to the taee The pam had been present since wounding and. although it had improt cd 
dSnng tL firet year, it was now stationary S^ntanM^ pam came on irheneter the foot 
became cold and complete rehef was obtained while in a hot batb 


Oold teti 

Temperature oj water Right foot Left fool 

20<>C Deep pam in foot No pain 

16'C Severe imm spreading up No pam 

the leg 


Sole of foot 


^^uiomrfer 
0 6 kg . pain 

1 1 kg , severe pain spread 
mg up the leg 


1 4 kg , slight pain 
1 0 kg . sUght pain m foot 
only 


Vaeeular 

Skin temperatures oscillometry and reactive hypersmia revealed no sigmficant difference 
between the right and left legs 

On 11 0 46 a right lumbar sympathectomy was performed the lumbar cham L 2 to L 4 
being removed This resulted m rehef of cold pam 

On 15 10 46 the tests were repeated The cold test was now negative, no pam bemg 
expcncnccd in water at 16°C , but the algesiometer atiU gave an excessive pain response in the 
right foot and the deep pam thre^old to pressure and the abnoimahties of cutaneous sensibility 
remained unchanged The vascular condition was altered m that the skm temperature of the 
nght foot remained 6° to 9°C higher than the left after exposure to a room temperatme of 
16“C If the emulation to the nght foot was occluded by a cuff on the thigh, the cold test 
became positiv e again 

Since the operation he has returned to farming and has only experienced a httle vain durme 
exceptionally cold wreathcr ° 


Rifleman G C Aged 22 years A shoemaker in civolian life 

. 1 , r?" ■*®'« Mrvung m Belgium he received buUet wounds m the upner 

thud of the left arm ^e brachial artery and median nerve were completely d^v^ded antfthe 
MUi7red ^ ^ On 4 12 44 both median and ulnar ne?ve8 ^re looted and 

jr,? S fj? 
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Pam The pain vas deep and felt m the palm of the hand and *' acnws 
when severe it ^read up the foreann The pain was first er^ienenced one year after the nerve 
suture and was severe vmenever the hand hcMme cold 


Temperatun of water 

20*C 

16"C 


Dorsum of hand 


Oaldtest 
Left hand 

Shght ache 
Severe pam 

Algeaxometer 

1 6 kg > pam 

2 0 fcg , pain 

Vaeeular 


Right hand 

No pam 
No pain 

2 6 kgn slight pain 

3 0 kg , pain 


On exposure the left hand became more cyanosed and about 6®C cooler than the right 
The oscillations were greatly reduced m the left forearm and the rcaotiyehypenomia was 
delayed, the flush taking over 10 seconds to appear in the hand A left dorsal ^Mthctie block 
oaured a rise in the temperature of the hand of 10®C , accompamed by relief of pain 

On 24 2 47 a left dorsal sympathectomy was performed (WTute’s teohmque) (14) Following 
this the left hand became warm and the cold pam was reheved 

On 5 3 47 the tests were repeated Ihe cold test was negative in that no ^in was 
exoerienced enth water at 16®C The algesiometer readings remained unchanged. 1 6 kg Mill 
e^e excessive pain in the left hand The vascular condition was much improved, the skin 
tem^rat^of tL left hand remammg 2® to 3»C higher than the right after exposure to a 
roo^temperature of 14®G The oscillations of the left forearm were also Improved, though 
still less than those of the right forearm 

On reviewing 60 cases m which a major nerve mjmry was associated 
with pain we found a further 13 patients m whom cold pam was a prominent 
svmptom In all 15 oases deep hyperalgesia to mechanical stimuli nas 
marked, and m many of the cases there was also a disturbance of cutaneous 
sensibility in that stimuh apphed to the skin gave nse to abnormal an 
exaggerated sensations Of these 16 cases three were plexus lesions and 
SIX were partial lesions of major nerves mth moomplete recoveiy In tl 
remaining six one or more nerves had been resected and sutured the 
sutured cases the pam nas expenenced durmg the penod of regeneration 

The vascular condition of the limb m these 16 patients i 
considerably In two patients the mam artery had 
“enplral L«l.t.on wL defiant In n further e.n 
extremity was colder and more cyanosed than the normal Sients 

'“be no orgeme roeouler defect Wbde n. the rememing .even pet.ent. 

the peripheral circulation appeared to be normal 

Among the 15 patients suffering from cold pam six jy^gjightly 

I„ theee J pafent. cold pam "o 

.mpmved m the remammg two In In .B 

marked temperature nse m the ertremity t he_o^rt 

sir cases the deep hyperalgesm to meeha^al rt.muh_rt ^;^u ^ 
and the abnormahties of cutaneous sensibihty 

the pam from coolmg that was affected by sympathectomy 

Dtpitai neuromata The foUowmg case is a typical example o a igi 
neuroma with cold pam 
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W B An engineer aged 53 years 

In 1QI3 he crushed the tip of his left fifth digit The wound healed normally but during 
the following year he developed a sensitive spot in the pulp of the finger which became 
progressively mote sensitive in qpite of three operations for resection of the digital nerves If 
the finger ^came cold he euSeiM from contmuons pam but wanning the hand gave complete 
rebef 

IVhen fiist seen on 1 10 46, the finger did not appear grossly abnormal A small scar 
from the original injury could be seen on the ulnai side of the finger just beyond the distal 
interphalangeal joint At the base of the finger and in the palm vrere the scars of prevnous 
neurectomies The scars were well healed and not hypersensitive In the pulp of the fin^r 
on its ulnar aide, about 1 cm distal to the ecar, there was an acutely sensitive spot about 2 mwi 
in diameter There was cutaneous analgesia and aniesthesia of both palmar and dorsal aspects 
of the ulnar half of the finger The tender qpot lay just within the area of cutaneous sensory loss 

Pain The paw was deep, felt m a xima lly m the finger but tpteadmg up the inner side of 
the arm to the aziUa when severe 


Ootd test 

Temperature of laater Juind 

20*0 Severe paw 

Bepeated with circulation occlnded 


27“C 

Pam 

28*0 

No pam 

27*0 

Paw. 

28°C 

No paw 


Atgestomeier 

5th digit X,e83 than 10 g 

over tender spot Pam severe and ^readmg 

up the arm. 


Sight hand 

No pain 


No pain 


lOkg 
Shght pam 


Vascular 


010 40 
subcutaneous 
the operation 


ueoiuie aononnauty 

I«cal excision of a smaU pearly grey nodule 
ti^ of the finger This gave compete lehef, ar 
tnere had been no recunence of pain or tenderness 


mm m diameter from the 
when seen nine mont^ after 


On reviewmg 32 cases of painful digital nerve injuries we found a farther 
case of glomus tumour of the foot ^ nunent teature m a 

performed While m hospital this^nient w syropathectomy was 
returning to his outdoor Mcnnation tho fin relieynd of pam but on 
«nj Ito pam ratumed, that lie “°°.y ““ 

5>oni<mc5amEaaSireWi^^'™^7abIe^ Soott of the Aomdent 
patients uho suffered frouTraiiSu evtl t investigate a number of 

case ,8 a typical example The following 

M" M S A housewife aged 60 years 
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p oster for fi^e w^ks -ttnulo in plaster she was fnirh comfortable but after romoinl oftl.e 
ploster she suffer^ much pam whenm or the wrist became cold, and tl.e pnii. was nho nperai n cd 
by mo\ement of the wrist and use of the hand Warming the wrist gaU complete tcluf 

TlTien examined on 22 3 *7 there was some swelling over the wrist joint and moMinniti 
wae restricted flexion 0<* to 60". extension 0" to 30", pronation and siipinntion nearh f 1 
Mo\ements of elbow and shoulder were full ond painless 

shoul^eT quahty, felt mostly m the wrist but with some spread up the arm to the 


Temperature of water 

20"0 

16"G 


Over wrist joint 


Cold test 
Right wrist 

Pain 

Severe pam up to shoulder 

Algeatometer 
2 0 kg , pain 


Left unit 

No pain 
No pain 


4 6 kg , slight pain 


Fflscwlar 

No defimte abnormality 

This patient was treated by physiotherapy and rc-education and two months Inter she 
was nearly free from pain and the range of wrist mo\ cments had improved 


Out of ten patients -with Colles fracture we found a further tit o inth 
similar cold pam All three patients with cold pam had unusually severe 
fractures resulting m considerable disabibty durmg convalosconce, but tlie 
fractures were not oompheated by injury to the mam vessels or nerves of 
the bmb 


Drscuasion of chntcal cases 

The patients complammg of cold pam all presented certain common 
features Firstly, the pain had the same quality as pam arising from the 
muscles and jomts, and had the same diffuse distnbution uith a tendency 
to proximal reference from the extremity up the hmb Secondly, the deep 
tissues at the source of pam were abnormally sensitive to mechanical stimuli , 
pressure givmg nse to more severe pam and at a lower threshold than 
normal Tlus climcal picture of deep hyperalgesia with cold pam appears 
to be sufficiently stnkmg to warrant its consideration as a definite clinical 
entity, especially as it seems hkely that a common pam mechanism is 
responsible for this symptom m the vanous patients m whom it occurs 
The role of vascular disturbances m this pam mechamsm is, houever, far 
from clear 

Although there was a definite vascular disturbance in some of our 
cases, the circulation appeared to be normal m many of those patients u ho 
suffered from the most severe cold pam, and we observed many patients 
with severe vascular disturbances who did not expenenco excessive pain on 
coohng Although aU the patients with cold pam had some degree o cep 
hyperalgesia as shown by the algesiometer, some cases with quite mar cc 
deep hyperalgesia did not suffer from cold pam At first ve thoug i co < 
pain might only occur m patients with lesions of the penpheral nerves ju 
we soon found that it occurred m patients with simple fractures an o ler 
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conditions causing deep hyperalgesia of the ejrfremities Thus the only 
constant finding in our patients suffering from cold pain rras deep hyperalgesia 
of the affected part, and it seemed to us that their spontaneous pain vras 
most prohahly due to an ahnonnal sensitivity of the deep pam nerves to 
the stimulus of cold Before further mvestigatmg this possihihty it vras 
clearly necessary to knoir more about the effect of coolmg on deep pam 
sensibihty in normal subjects We, therefore, earned out the foUomng 
espenments 


ExPEBDIEXTAL tSVESTIGATIOITS 

Method The experiments about to be desenbed were earned out 
upon ourselves Each observation was thOis confirmed by three different 
individuals, and the observations were repeated several times on each 
mdiiudual on different days The three subjects were fanuhar with the 
diffonng quality of skin pam and deep pam and all remarks in these 
expenments refer to deep pam unless otherwise stated Spontaneous pain 
IS a purely subjective phenomenon so that we have simply noted its presence 
or absence and tned to assess its seventy by an arbitrary scale of one to five 
umts, five units bemg the most severe pam we were prepared to expenence 

Deep pam sensibihty was tested by the algesiometer which we had 
used m the clmical investigation, and m our studies of deep pam sensibihty 
in nc^e blocks The presence of analgesia was confirmed by esplonng the 
deep tissues with the needle pomt and by mjectmg 0 2 c o of 6% salme 

recorded by a thermocouple attached to the skm 
hf of the deep structures was recoiS 

immersed m a 

6 cm square The rate of Inl.n ^ ^emg 

one or more layers of Imt ^ adjusted by covenng the ice with 

between temperaS^fnf fl^ep^sensibihtv w * aconrate correlations 

the temperature gradient between ^ ^ possible because of 

because of the mpoLXhZoTlS ^ ^ 

different deep structures and theSS®^®£f^ between pam anamg from 

boon -co-d ^ 
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placed on the deep fascia and one in the underlying muscle ahoiit 1 cm 
deep to the fascia, a third thermocouple was attached to the skin Fig l 
illustrates the behaviour of the deep temperatures when a block of ico was 
placed on the skm of the leg Subject 1 (J H K ) cooled through more 
rapidly and more completely than subjects 2 (A J M ) or 3 (H S H ) 
Subject 1 also eiqjerienoed more pain dunng cooling This dilTorcnce was 
noted throughout our observations, and was probably due to the absence 
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Fig 


1 niustrates the result of cooling the tibiohs anticus in subject 2 (A T M ) bj a hlor 1 
of ice 6 cm square wrapped in hnt and placed on the merlying slun Tlie tempcrnturcH 
were recorded by three thermocouples, one on the skin (circles), one on the deep fn»(m 
(dots), and one lymg m the muscle 1 cm deep to tlie fascia (crosses) Spontniicoiis ck.p 
pain 18 represented by the black areas, its seienty being recorded on an arbitral) smk ol 
one to fir e umts , tune is m minutes in this and all subsequent figures 

of ‘subcutaneous fat in subject 1 As might be expected the deep 
temperatures alter more slowrly than the skm temperatures and remain 
from 1° to 20‘’C higher After about 30 minutes of cooling a state ol 
equihbnum is reached and the temperatures remam fairly constant for 
that degree of cooling 

The effect of caoUng upon deep pam senotbiMp If the nurm hond « 
plunged into odd wuter (10”C ) the subject first expenen^ n Tw !,?„ 
Ld, tins qniokly fades away and is replaced by a cenytion of dc^ i«.n 
whiob inorcaccc during the first two nunutos and then fades “''“J ‘ “ 

after four or five minutes the hand feels qmte 

pam being appreciated H lower temperaturee are used (6 -0 C ) the deep 
pam IS foUowed by a similar wave of skin pam and tmghng 

This phenomenon was mvest^ated by Wolf “f^Harfy in 1041(1^ 
They a Jbuted the factag of the P- 

that the pam was “ vas™to “ J''i^‘^"Additional observations 

and agree m general with their nnoings, forlmp away 

on deep pam sensibility suggest a different * . of the water 

of the pam. If the hand is cooled by lowenng the temperature of the water 
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bath in stages of 6»0 a T^ave of pain foUows 

(Tiff 2) If at the same tune deep pam sensibility is tested with t 
algLometer we find that the threshold for deep pain nses as the temperature 



TIME 


Fig 2 niustratcB the result of coahng the hand of Subject 2 m a irater bath. Temperatuies 
recorded bj three thermocouples , one m the ^ter bath (circles), one on the deep fascia 
of the dorsum of the hand (dots), and one placed deeply between the adductor x>°^t!is and 
the first dorsal interosseous muscle (crosses) Spontaneous deep pam is represented by 
the black areas TThen the water temperature was 6°C or lower, considerable skm pam was 
also experienced m the hand For sunphcity this has been omitted from the figure At 
60 minutes the circulation to the hand was occluded by mfiatmg a cufiT on the upper arm 



tig 3 niustrates the result of coohng the subcutaneous surfs™, *i, 

means of a block of ice placed on the orerlymg aim The ^ ^ 

a thermocouple placed on the penosteum Deep pam se^^ recorded by 
algesiomeler applied to the centre of the cooled area ^ was tested by the 
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falls, and when the temperature in the centre of the hand reaches about 
lO^C deep analgesia becomes complete The conditions in the hand ate, 
however, very complex because the algesiometer stimulates a oonsidoiahlo 
depth of tissue and because cold vasodilation (8) mterferes nith progrcssiTO 
deep cooling at the lower temperatures 

We, therefore, earned out similar observations on the suhoutaneous 
surface of the tibia where a thm layer of sensitive penosteum is supported 
by insensitive compact bone and where vascular reflexes are loss evident. 
(Fig 3) 

An area of leg 6 cm square is cooled by a block of ice While the 
temperature of the underl 3 nng penosteum is falhng from 30®C to 16*0 the 
subject expenenoes spontaneous deep pam Dunng this period the 
mechameal threshold for deep pam nses steadily, and when the temperature 
of the penosteum smks to about 10*C no pam can be ehoited from this 
membrane by any form of stimulus 


Cooling 

on 


351- * 


Coohrw 

off 

i 




V 


» 




20 


30 40 

TIME 


"so" 


60 A) 


Rg 4 ih. .. Sub.... 1 of .to 2 ^ 

m . bowl of . 0 . tod woMt Tto tomporo.™ . ^ ^ 

the deep fascia just proximal to the ulnar gwove ^n nc fourth 

m black Deep pain sensibihty was tested on the dorsum of the hand over 

interosseous space 

A bumlar resrat .8 obtemed from coolmg a ^ 

mustrafra the reaolt of ooolmg tto - 

spontaneous deep pam is eupenenoe to le'O , and when the 

the neighbourhood of the nerve is f^m 30 C to . 

deep temperature at the elbow sinks to about 10 C no pam e. 
tm the deep stmotures m the ulnar border of toe l^d 

In eU our ==Tarmients spontaneous pam «s most “ve 

while with very slow ooolmg deep analgesia may 
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little, if any, preceding pain In this rei^ect our findings agree mth those 
of both Bickford (1) and Wolf and Hardy (18) We have also noted occasional 
pain during ■wanning up from IS^G to 30 °C 

From these observations we concluded that in normal subjects cooling 
the deep tissues rapidly through the temperature range 30'’C to 16°C 
causes spontaneous deep pam During the process of coohng analgesia of 
the deep tissues develops so that pam is only expenenced for a short tune 
while the temperature is actually faUmg Although analgesia clearly results 
from the low temperature of the tissues, it is not clear whether the stimulus 
for pain is the low temperature as such or the temperature gradient durmg 
coohng and to a less extent durmg wamung up In the hand cold 
vasodilatation prevents progressive coohng so that the qiontaneous pam 
may fade away before the development of complete ftTiftlgBsi a 


Effect of coohng upon experimental deep hyperalgesia The subcutaneous 
surface of the tibia is clearly a most smtable part m which to mvestigate 
these phenomena We, therefore, searched for a method of produemg 
hyperalgesia of the penosteum m ourselves After trymg various methods, 
both mechamcal and chemical, we found a smtable agent in calcium' 
chloride 

If an aqueous solution of 2% calcium chlonde is mjected mto the 
penosteum in amounts such as 0 3 c c , there is httle or no pam immediately 
after the injection, but an hour or two later deep tenderness develops at the 
site of the injection, so that the deep pam threshold of the penosteum becomes 
markedly lowered over an area about 2 cm square Withm this area the 
algesiomete^eadmgs become reduced from the normal, 1 to 2 kg to 0 2 
to 0 4 kg This deep hyperalgesia lasts from 24 to 48 hours Prodded the 
tb,? spontaneous pam is expenenced By usme 

r, ‘is 

was then cooled with a block of ice The temnera^f 
u as read at frequent mtervals while the penosteum 

or absence of pam and assessed its seventy ^^De^PTOmTe^^ “h Presence 
tested from time to time by the algesiometer f also 

repeated over the control area m the normal lev 

repeated with different degrees of himo 7 .oi ^ These observations were 
of our rcaulf , ™„od boS “‘”“8 “"“b 

obsertiitiona ucrc made mth Terr rauid ^ i “ ^8 b. but a few 

toobud .0 .ow femperatJa 
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very great (Fig 6A) Although the hyperolgcsic penostcuni ga^D rise to 
more severe pain during coohng, the pam started at about the same 


NORMAL PERIOSTEUM HTPERAIGESIC PERIOSTEUM 



TIME 
Fig A 


NORMAL PERIOSTEUM HYPERAICESIC PERIOSTEUM 




Fig B 

Fig fi lUustrates the result of comparable coohng of normal periosteum and 

® had been rendered hyperalgesic by the injection of 03 cc calcium f J 

previousb As befomrtemperatums u:ere recorded by a tl.errnocoup c ^ 

Lnosteum and deep pam sensibility was tested by the algcsiometer “PP 'f 
S the cooled area Fig A shows the result of rapid cooling to low ® ^ 

Fig B shows the result of slower coohng to intermediate temperatures in Subject 

temperature and analgesia became complete at about the same 
m both legs With slower rates of coohng to mtermediate temperatures 
the difference between the two legs uas more striking ( ’ig *> 
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hyperalgesic penostenm gave nse to pam which, started at a higher 
temperature and was both more severe and more prolonged than on the 
normal side, and the partial analgesia which developed m the normal 
periosteum developed imperfectly or not at all m the hyperalgesic 
pcnosteum 

To sum up, we may say that slow coohng of a normal extreimty from 
30° to 16°C causes partial deep analgesia hut no pam, but when deep 
hyperalgesia is present the same degree and rate of coohng causes severe 
and prolonged pam, hut httle or no analgesia 


DlSOtTSSlON 

The effect of coohng upon deep pam sensibihty is dearly very complex 
When the normal deep tissues are cooled rapi^y, spontaneous pam is 
expenenced for a short time while the temperature is actually fallmg At 
the same time analgesia develops so that m spite of contmued coohng the 
spontaneous pam fades away With slow coohng analgesia develops without 
appreciable spontaneous pam 

When deep hyperalgesia is present, even slow coohng of the affected 
part causes severe and prolonged pam, and the analgesia which normally 
accompames coohng develops imperfectly unless the tissues are cooled to 
low temperatures (about I0°C ) 

We would hLe to suggest that a disturbance of this nature is responsible 
for the cold pam expenenced by patients who have deep hyperalgesia of the 
extremities and that m future it would he useful to m-restigate chnical 
cases of cold pam along these Imes 

^8 correct, we reconsider our dmical 
cases some of their most puzzlmg features become clear Thus olmical 

penpheral circulation predisposes to cold nam hir n.lin ^ reduced 

^Uiilc an mcreased cmcuIaSm Lhevef 

:: 

■n « ™b,ta„tal and pannanent radnctM o” 
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All this, however, is stiU conjecture and many more observations ate 
required to estabheh the facts In particular it v ould be desirable to know 
the follo-wung facts about patients suffermg from cold pam — to m hat extent 
does cold analgesia fail to develop in the affected part i Is there some 
abnormality of deep coolmg when the affected extremity is exposed to 
ordmary climatic conditions, and what effect does sympathectonij have 
upon this deep coohng ^ Does sympathectomy occasionally affect the 
degree of deep hyperalgesia as well as altering the temperature of the part ’ 

Although aU these questions remam unanswered, xvc have reported our 
findmgs at this prelimmary stage with the object of stimulatmg further 
mvestigation of patients suffermg from cold pam along these lines 

On the relation of cold pain to causalgia In the classical account of 
causalgia by Weir Mitchell (12) the pam was desenbed as bunung in 
character, felt mostly m the slon and aggravated by heat and dryness, while 
cold and moisture gave some rehef In addition, spasms of pain were 
mduced by emotional disturbance, movements, noise and practically anj 
external stimulus The pam followed gunshot wounds of the pcnplicrnl 
nerves and was associated with a red glossy condition of the skin oxer the 
affected part Smee that time it has been generally recognised that the 
pain of classical causalgia is frequently reheved by sympathectomy More 
recently there has been a tendency to apply the term causalgia to any painful 
condition which is improved by sympathectomy Thus Ulmer and Mayfield 
(17) collected 76 cases of peripheral nerve injury in which pam was relieved 
by sympathectomy Of these 38 appear from their account to haxc been 
cases of classical causalgia, while m 30 cases the pain xvas brought on by 
cold and reheved by warmth and was associated with a cold blue extremity 
In spite of the obvious difference between these two groups of cases tlicy 
consider them all to be examples of causalgia 

We wish to draw attention to the difference between classical causalgia 
as described by Weir IVIitcheU and many subsequent wnters (2, 6, 9, 11, 14), 
and the clmical syndrome of deep hyperalgesia with cold pain that u o have 
desenbed in this paper , and we wish to pomt out that cold pain is not confined 
to nerve mjunes but may occur with simple fractures and any o ler 
which gives nse to deep hyperalgesia of the extremities without a concurrent 
mcieasrof local circulation We thmk this distmetion is desirable because 

It seems likely that the pam of causalgia is produced by a 

(2, 9) from that causmg cold pam, though both conditions may be improxed 

by sympathectomy 

SxjjWMaby and conclusions 

1 Among the many patients suffering from painful conditions of the 

extremities there are a number in whom » 

the affected part is cooled This phenomenon has been 

and a number of patients with this symptom have been mves g 



COLD PAIN 


27 


2 Cold paui was found to be deep and diffose m distribution, and to 
have the same quality as pam ansmg &om the muscles and joints In 
every case the deep tissues at the sonxce of pam were abnormally sensitive 
to mechanical stimnb, and it is suggested that deep hyperalgesia with cold 
pam should be considered as a definite cluneal entity 

3 The effect of coobng upon deep pam sensibUity has been mvestigated 
experimentally When the normal deep tissues are cooled rapidly 
spontaneous deep pam is espenenced for a short tune while the temperature 
18 actually falhng , at the same tune analgesia of the deep tissues develops 
so that m spite of contmued coolmg the ^ontaneous pam fades away 
With slow coobng analgesia develops without appreciable spontaneous pam 

4 If deep hyperalgesia is produced by the mjection of calcium 
chloride, even slow coobng of the affected part gives nse to severe and 
prolonged pain, and the analgesia which normally accompanies coobng 
develops imperfectly unless the tissues are cooled to very low temperatures 

6 It 16 suggested that a disturbance of this land may be re^onsible 
for chmcal cold pam, and the relation of cold pam to causalgia and vascular 
disturbances is discussed 
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EVIDENCE ON THE 0EI6IN OF LEIOMYOMATA OF THE SKIN 
OBTAINED BY PHARMACOLOGICAL STUDIES 


By WILLIAM JEFFRESS SENTER 
(From the Department of Medicine, Emory University School of Medicine, 
and the Medical Service, Orady Hospital, Atlanta, Georgia ) 


Leiomyosiata of the skm is an unusual disease Stout (1) reviewed the 
world pubhcations in 1037, findiTig 132^^ cases of multiple lesions, and 
85 instances of sohtary tumors He added 18 cases of his own Pnor to 
Stout’s paper, but three reports had appeared m En gliRh (2, 3, 4) 

Smooth muscle tissue is found m many areas of the skm, especially m 
the pilomotor muscles and m the sweat glands However, it is also seen 
about the gemtaha (musculans sexuahs), the anus and axillm, as well as m 
the areolae and nipples of the breasts (musculans areols and mammiUie) 
Tumors of smooth muscle tissue could conceivably arise from any of these 
areas, but theur ongm has not been demonstrated in any of the recorded 
cases Histological study has not contnbuted to this problem 

It is the purpose of this paper to present a method whereby the ongm 
of multiple skm leiomyomata may he determmed It is based on the 
responses of such tumors to mecbamcal and pharmacological stimuli 


EC, a 55 year old white housekeeper, was admitted to the Grady 
Hospital, May the 26th, 1947, for study of multiple skm nodules She 
had been kno-iro to have diabetes melhtus smee 1934 Shortly afterwards 
multiple subcutaneous nodules appeared over the face neck arms anil ’ 
to the level of the costal maiginf These nodulesS wrarn^ 

papules, but gradually developed to the sise of 1 cm at which timi> fh 
became painful The pam was desenbed as ’ ^“ch tune they 

rh^hmically, mth. concommitant contraction of the ksioM^^ThSe^w^” 
often associated nausea and vomiting, and fecal and unn. 

Her symptoms were asgravated bv ^ tirmary urgency 

mechanical irritation of the lesions and temperature, by 

also more severe at times of mcre^sed glycosuiL 
and developed throughout this thirteen yL nenod “PP^^red 

had ever become infected or e^blted emLceVhemoX or 
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patient had noted excessive perspiration 
She had always been aathemc in build, but had lost no ucicrht dunnJ Z 
period of the present illness Her diabetes had never been ucll controlled 
She maintained an almost constant glycosuna, and, m 1930, dc\ cloned 
diabetic acidosis associated with a unnary tract infection At the time 
of admission, she was takmg 36 umts of protamine zme insulin and 16 imiiv. 
oi regular msuhn daily 

The patient’s father, and a sister and niece uoro reported to hmc 
multiple skm nodules similar to those of the patient 


Physical examination The temperature, pulse and respirations ucrc 
normal The blood pressure was 160 mm mercury systolic, and 76 mm 
diastohc The patient did not appear acutely ill, but was apprehonsiic 
and easily excited Her skin was generally moist and uarin Scattered 
over face, neck, arms and body doum to the level of the costal margins ucrc 
approximately 126 raised nodules, lymg chiefly in the suboutanoous tissues, 
but includmg also the structure of the skm proper A single nodule uas 
found on the right leg The nodules vaned m size from 3 to 10 mm in the 
largest diameter They were round, elhptical or egg-shaped in contour, 
and appeared generally pink or violaceous Stimulation of the lesions 
by pressure or stnkmg resulted jn paroxysms of pain and contraction, 
associated with blanchmg and wrmkling of the overlymg skm and puckonng 
of the surrounding skm 

The remainder of the physical examination was not pertinent 

Laboratory data Bepeated unne exammations revealed a trace to 
3+ albummuna, and negative to 4-h sugar reaction The uhitc blood cell 
count was 6,600 per c mm , with a normal differential count The blood 
hemoglobm concentration was 14 g per 100 o o The blood sedimentation 
rate was 34 mm in one hour The fasting blood sugar level w'as 172 rag 
per 100 c c 

Biopsy Several lesions were removed surgically from the anterior 
chest wall Histological exammation showed them to be typical leiomyo- 
mata 


Method 

The local response of this patient’s tumors was determined following 
both mechanical stimulation and subcutaneous administration of sympatho- 
mimetic and cholinergic drugs All tests were performed with and without 
prelimmary sedation m order to mmimize emotional factors 

The entena adopted as mdicatmg a positive response to stimulation 
were contraction and shortening of the tumor mass, blanching and wrinkling 
of the overlymg skin, and puckenng of the surroimding skin 
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mechanical stimulation iras done by stnkmg, pmching or pnckmg a 
tumor inth a pm The effect of temperature was determined by raismg 
or lowering the room temperature, and by local appbcation of heat or cold 

Pilocarpme mtrate, acetyl cholme and mecholyl hydrochlonde nere 
admimstered subcutaneously in doses sufficient to produce marked sahvation 
and perspiration These drugs were agam given foUowmg the administration 
of atropine sulphate in doses large enough to produce dryness of the mouth, 
dimmution of perspiration, and a decrease m mtestinal penstalsis The 
effects of atropme and adrenahne hydrochlonde (0 3-1 0 mg ) were deter- 
mined independently of other drugs The patient also received test doses 
of calcium gluconate (10 o c of a 10 per cent solution, intravenously) and 
curare (Intocostnn, 60-100 umts, mtramnscularly) 

Tests were performed on this patient over a period of sixteen days 
IVlien more than one test was performed in the course of a day, ade^piate 
time was alloued between tests for the effects of previously admimstered 
drugs to subside completely Dunng the period of observation, the patient 
continued to shon a mild to moderate glycosuria At no time was there 
evidence of diabetic acidosis or hypoglycenua 


xacoluio 


Stimulation of the lesions by stnkmg, pmchmg or pm-pnekmg produced 
sliarp pain foUowed by a typical contraction This contraction persisted 
vT n mmutes, and did not recur Local coolme 


TABLE I 


Drug 

Dose 

Beqxmse of 
L^ons 

of 

Lesions after 
AtropinizatioQ 

{0 6^1 2 mg 

Pilocnrpmo nitrate 

Accl\l rliolmc 

'Icchohl !i\-drochIonde 
Ailronnbnc litdrochlondc 
Atropine sulphate 

6 — IS mg 

26 — 50 mg 

6 — 15 mg 

03 — lOmg 

0 6 — 1 2 mg 

+ , 
+ 

+ . 

0 

0 

0 

0 

0 
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The results of drug administration are shou-n in Table I Pilocarpine, 
acetyl chohne and mecholyl all produced marked painless contraction of tbc 
lesions It IS noteworthy that these contractions u cre rhj tlunical, occurring 
one to two mmutes apart The effects of those drugs ■were conipletcU 
abohshed by previous atropmization The injection of ndrennhno or 
atropme alone resulted m no subjective or objective changes in tlio lesions 
Intravenous calcium gluconate and mtramuscular curare (Intocostrm) Mere 
similarly without effect 

The administration of phenobarbital (0 1 gm ) or codeine sulphnti 
(0 064 gm ) m no way altered the results of any ojf the tests 


Discmsion 

Of the various location of smooth muscle tissue in the skin and its 
associated structures, only two are sufficiently uudespread to concern us 
here These are the pilomotor muscles and the smooth muscles of tbc 
sweat glands Both these groups of muscles receive their nerve supply 
from the autonomic nervous system The pilomotor muscles contract in 
response to sympathin and sympathomimetic drugs The sneat glands 
receive fibres from the sympathetic chams, but it is loioini that those librcs 
release not sympathin but acetyl chohne, and the glands respond to artificial 
stimulation by oholmergic drugs The tumors of the patient imdor discussion 
responded to oholmergic drugs, the response being complctdy abolislied by 
previous atropmization Adrenalme was wthout effect The distnbution 
of the tumors is also of considerable interest Of the 126 lesions found, 
only one was outside the area supphed by the cervical sympathetic chain 
It L been eUo™ by L.st end Peet (6) that the 

pdoearpine and meeholyl is largely eonflned to this area “ 

this pXent’B lesions, and their sonsitmty to ohohnorgie *"6 
IS coMdered oonolusive evidence that they arose from smooth miisolo lissae 

of sweat glands , 

Hagiirara and Sngitaki (6) reported that shin 
to the i^eotion of adrenalme by painfU oontraotions It is qmlo pos 
that these tumors arose from pilomotor muscles 

Three members of the patient’s family are reported 
nodJoTof The skin None 'of these has notieed pam “ J” 
lesions, and a deflnite diagnosis is not available m any o f 
no reported instance of a famihal tendency in this disease 


StTMMABY 

1 A case of multiple leiomyomata of the 
ftnotional response of those tumors to 
mimetic and cholmergic drug stimulation ha 


The 
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2 The sensitiTity of these tninors to cholinergic drugs and their 
distribution within the area supphed by the cervical sympathetic nerves is 
considered conclusive evidence of their origin from smooth muscle tissue 
of sweat glands 
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CARDIAC OUTPCT AND PERIPHERAL BLOODFLOW IN 
ARTERIOVENOUS ANEURYSM* 


ByS M COHEN, 0 G EDHOLM, SHEILA HO WARTH, J McMICHAEL 
and E P SHARPEY-SCHAPER t 

[From the Department of Medicine, Postgraduate Medical School of London ) 


L. their early work on artenorenous aneurysm, Lewis and Drury (6) came 
to the conclusion that the cardiac output was probably not mcreased This 
conclusion n as based on the observation that the peripheral venous pressure 
did not change when the aneurysm was closed Acute evpenments in 
dogs showed that the cardiac output did not mcrease unless the shunt was 
exceptionally large Holman (3) disagreed with this conclusion and 
demonstrated in experimental animals that the cardiac output and heart 
size increased in parallel The development of the increased cardiac output, 
however, might be a matter of hours or longer, as heart size decreased 
immediately after the espenmental shimt was opened 


Kennedy and Burwell (4) studied cardiac output m one case of 
arteriovenous aneurysm usmg the acetylene method, and concluded that 
the output was increased and that it returned to normal foUowing operation 
Lcuns and Drury made observations on forearm bloodflow usmg the 
icnous occlusion pletJiysmograph without occludmg the circulation to the 
hand , they observed that the bloodflow in the forearm increased when a 
Icmoral ancuiysm was closed, and they asonbed this to the nse m mean 
blood pressure On the other hand, Toumade and Gomard (8) observine 
increased oscillometer deflections on closure of the shunt slffieSX! 

by the Steuart “meter 

shunt was also increased m afiected hmbs distal to the 


pubUshed vnthout our knowledge m “Acla 
we liiM c abo to t^nk “ personal grant from the M^ical i, n 

U C Bro'k, andMr H ''c aie indebted to Dr J M H 

« « S Wnghtforpernus3,ont0 8tudyCase3 l2.6.a^^P**“'^fr 
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Material and methods The oh<jen?o+,/,«„ 
males AH had been wonnded less than 2 ycarmnonslv ewnrr™’ 

m tnd 6“‘'‘~o„Tp«l»TroX^ 

(7), and the patients were supine at the time of observatiott c. 
weig^of the subjects varied considerably, cardiac output has heon cxnrLS 

° " '"““““ad ("“vmal aTctaso 2 2 himf 

Bloodflonr ma meaanred n, the forearm and m the log, nsmg the ,c„ol 




Fig I Efifecta of surgical closure of left popliteal artcnoi onous fistula on licaiJ gne llic 
dotted line shou's the heart size 0 weeks after operation, when cardiac output lind fAllcn 
from 3 7 to 2 7 litres per imn pet 100 e c oxj gen consumed end the blood ptcssiiic had 
risen from 13i/58 to 136/90 Pre operati\el>, the trnnaxerse diometer was 14 5 cm and 
cardiac area 165 sq cm , post operatixely, the transhcrse diameter was 13 0 cm and the 
cardiac area 132 sg cm 


occlusion plethysmograph (1) The arm was immersed m a uaterbatli at 
34®C , wlnle the leg was in air at room temperature (1) Circulation through 
the aneurysm was shut off by digital pressure proximol to tlie aneurysm 
In order to allow time for the circulation to reach a steady state, closure vas 
mamtamed for one minute before the nght auncular sampleb nere ■withdraun 
Bloodflow changes in the limbs were recorded 111^110 30 sec of closure of 
the shunt 


Kesults 
Cardiac output 

The results are shown in Table I Cardiac output m litres per minute 
per 100 c c oxygen consumed was increased above the normal average of 
2 2 in nearly all cases, the highest figure being 4 6 in a case v ith a vorj large 
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TABLE I 


Effecte oj closure of an arieriottnous aneun/sm 


Ca e 
>0 

Age 

Site of nncuryam 


8 s 

Is 

E m 

e-o 

b > 

-11 

U O 

? c 

tf .2 

c o 

CS o cS 

Cardino output 1 per min 
per 100 0 0 0, conBumou 

Blood pressure, 
mm Hg 

Heart rate 

Oxygon conRUxnption 

0 0 por mm nt room temp 

1 

20 

L common carotid 
andL int jug rein 

Shunt open 
Shunt closed 

B 

46 

31 

120/68 

120/82 

88 

72 

357 


After atropine 
Shunt open 
Shunt closed 

—2 6 
—46 

67 

40 

126/68 

104 

06 


2 

32 

L femoral artery 
and rein 

Shimt open 
Shunt closed 

4-36 
4-2 0 

41 

27 

118/66 

116/70 

84 

64 

206 

{ 

After atropme | 
Shunt open 
^unt closed 

m 

79 

64 

124/66 

134/90 

112 

100 


HD 

R axillary arteiy 
and r’cin 

Shunt open 1 
Shunt closed | 

0 

—06 

39 

26 

124/70 

120/84 

84 

64 

366 

* 

34 

L femoral artery 
and rem 

Shunt open 
Shunt closed 

—06 

—20 

34 

23 

122/60 

128/80 

86 

60 

322 

After atropme 
Shunt open 
Shunt closed 

—40 

—66 

32 

28 

122/66 

138/98 

114 

100 


6 

26 

L axillary artery 
and vein 

Shunt open 
Shunt closed 

H 

34 

20 

125/60 

125/76 

84 

68 

330 

6 

30 

L popliteal artery 
and vein 

Shunt open 
Shunt closed 

—36 

37 

24 

134/68 

136/86 

70 

60 

367 

7 

19 

R. femorol artery 
and rem 

Shunt open 
Shunt closed 


33 

26 

120/62 

120/70 

84 

68 

260 

8 

25 

L femoral artery 
and rem 

Shunt open 
Shunt cMsed 

B 

m 

104/68 

118/78 

78 

66 

272 

9 

— 

Innonunate artery 
ondL mnom vein 

Shunt open 

—66 

28 

130/70 

90 

310 

10 

26 

L subclavian 
artery and ram 

Shunt open 
Shunt cmsed 

0 

—06 

24 

21 

08/65 

66 

46 

266 

IS 

61 

R femoral artery 
and vein 

Shunt open 
Shunt cK»&ed 

-f06 

—06 

60 

3 46 

128/78 

145/80 

76 

64 

243 
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aneiirysm (Cose 1) The venous filling pressure nnd heart rate Mere 
moderately increased 

Cardiac output is probably raised b> tuo physiological mccliainsm'<, 
firstly, the increased filling pressure of the heart nnd, secondh, cardiac 
acceleration Both these factors, however, are only niodcratelv incren«icd 
The effect of a summation of the changes in heart rate nnd venous filling 
pressure of the order found in the cases described has not jet been btiidicd 
in young normal adults, so that it is impossible to say uhethor anj furtlicr 
factor IS involved 


Teleradiograms made before and after operation shoued a significant 
decrease in heart size when the shunt had been permanently closed An 
example of conspicuous change m heai t size is shown in l^ig 1 The increase 
in heait size in arteriovenous shunts may be due to a raised stroke output 
and, in long-standing cases, to some hypertrophy, for uhioh increased cardme 
work may be responsible 


Effects of acute closure of shunt When the shunt was closed by digital 
occlusion of the artery proximally, the venous filling pressure fell slightly 
and the heart rate slowed considerably m all cases (Table I) The diastolio 
artenal pressure also rose Cardiac output fell but did not rosidi normal 
average values Release of the artenal occlusion was followed by the 
return of these vanous measurements to their previous values 

There is probably a close relationship betiveen the size of the aneurysm 
and the cardiac output In the case with the smaUest shunt seen at operation, 
the cardiac output was only shghtly increased (Case 7), whereas the patient 
mth a free communication between the nearly severed carotid and tt o 
jugular vein had the highest output (16 0 litres per mm ) Those subject 
with the lughest cardiac outputs showed the greatest decrease m out^t 
on closure o^f the shunt (Table I) The question of whether the 

decrease represents the actual volume of blood \ 

18 stiU douWul When the shunt was closed, the fall in nght aimcular 
priSre waa small, aad to d.d not oppeaT to bo due to «oto.d.to of 
blood m the effected bmb distal to the ehunt, smoo hmb ^ , J 

(Fig 2) The reduction in cardiac output on eloeute IS more tody cornl 

S file deereaee m rate, irhich is considerable, than urth the change 

^"“wTlo^Je'Tlnil leak,, cardiac "^X^rojfmto 

digital olosnie of the shunt than those '^'’^“rtment fellomng 

Thus, there seems to be some , JT a fall in blood lolumc 

operation It has been suggested that s is Uvncrtropbj or changes 
(2) but other factors, such as declme in ventncular bypertrophj 

m Venous tone, may have to be taken into account .«ou8 

Effects of atropine to^a^l^el^orm^o 114 beats per 

dose of 2 mg , accelerated the heart rate to a level of 
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I I !■ < ' H I I I I' H 1 I I I * << I I I I I I I I I I I I I I I I 

Fig 2 lo show the changes in lunb volume distal to a femoral artenovenoua aneutyem when 
the femoral artery was occluded digitally proxunal to the shunt at A. There was a small 
metcasc in volume followed 1^ a decrease Limb volume was 1400 c c Calibration in 
See steps Time in seconds 
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Effects of reducing venous pressure by cuffs on the thighs In Case No 5 
(Fig 4), right auricular pressure was lowered by congesting cufTs on the 
thighs to the same extent as after closure of the shunt This procedure 
caused a very small nse in heart rate The cardiac output fell In onU 
16 per cent of the restmg value, or considerably less than tlio 40 per cent 
change after closure of the aneurysm This obsen^ation affords further 
evidence that the decrease m cardiac output on closure of the shunt dejiend'! 
more on heart rate than venous pressure changes 



of the shunt than on lowenng nght aunculor pressure to o sunilar i 


of the aneexysm The nght — ^ 

valaes In Case 6 the eaid,ae output and nght ^n^lat p 

t“T4nnrreJr.rn:te„ou. eon— 

uas found to be small 
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TABUE H 
Posl-operattve raulis 


~ \ 

Cage 

No 


Right 1 

auncnlar | 
press cm. 
sahne 

abotre sternal 
angle 

Cardiac 

otxtpnit 

1 per mm 
per IW c c 
oxygen 
consomed 

Blood 

pressure 

Keart 

rate 

Oxygen 

consumption 

cc per nun 

1 

— 'f 

1 Before operation 

1 

Smths after operation 

—10 

— M 

1 

48 

m/B8 

12S/80 

— 

88 

1 

68 

1 

387 

363 

i 

Before operation 

mm 

n 

118/65 ! 

84 

296 


1 mlh after operation 


D 

120|75 

58 

21 1 

6 

1 

’ Before operation 

1 

^5 

37 

134/58 

70 

367 


G wlcB after operation 

—40 

21 

135/90 

62 

352 



hg S (Case -4) Left rcmoral aneuo'Bin 

On the left IS the flow in the left forearm with the aneumm open (24 ce per 100 c c per 
minute) On the right the ancumn was closed at A This was followed by a voltime 
iiirrense nnd 12 sec after closure the recorded flow shows a conspicuous increase to 8 9 c c 
per 100 rc per mm Arm tolume was B80 cc Cahbration in 3 steps nme in 
seconds 


2 Peripheral bloodjloti 

BloodJIow in Imbs unaffected by tie eiunt Results are shown in Table 
III With tlie shunt open, the arerage forearm flow was 3 2 o c per 100 c o 
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oream per minute At the bath temperatures emplovcd this e^eran. 
flow IB not significantly lower than normal (1) In one subject inth a £ 
foream flow (Case 1), a similar findmg was obsen^ed soicral necks after 
operation, suggestmg that the low flow was not related to the presence of 


TABLE m 


Forearm and leg blood flows before and after acute closure of shunt 


Cose 

Site of aneurysm 

Limb under 


Bloodilovr 
(e c per 



No 

Time smoe 
wounding 

observ ation 


100 cc 
per min ) 


3 

B axillary 

B forearm 

Shunt open 

msnm 






Shunt closed 

■■ 


64 


less than 2 years 

L forearm 

Shunt open 
Shunt closed 

46 


' ' 



66 





L leg 

Shunt open 
Shunt closed 

16 

■■■■ 




26 

■i 


5 

L amllaiy 

L forearm 

Shunt open 

10 

m 

84 




Shunt closed 

015 


68 


leas than 2 years 

B forearm 

Shunt open 
Shunt closed 

17 


84 



26 


68 

10 

L subclavian 

L forearm 

Shunt open 

16 

98/66 

65 


6 years 

' 

R forearm 

Shunt open 

15 

*1 

11 

2 

L femoral 

R leg 

Shunt open 
Shunt closed 

15 

26 

11 

84 

64 


less than 2 years 

R forearm 

Shunt open 






Shunt closed 

IkiI 



4 

L femoral 

R forearm 

Shunt open 

21 


86 




Shunt closed 

55 

■UliJI 

60 


less than 2 veara 

L forearm 

Shunt open 
Shunt closed 

33 

» 

11 




90 



8 

L femoral 

B foreorm 

Shunt open 
Shunt closed 

52 

104/58 

78 


less than 2 years 


7 1 

118/78 

66 

7 

B femoral 

L forearm 

Shunt open 

26 

120/62 

84 


less than 2 years 


Shunt closed 

34 


68 

1 

L carotid 

B forearm 

Shunt open 

16 

120/58 

88 


less than 2 years 


Sliunt closed 

24 

120/82 

72 

11 

B ulnar 

L forearm 

Shunt open 
Shunt cfosed 

31 

126/58 

68 


less than 2 v'ears 


27 

HEH 


12 

L femoral 

L leg 

Shunt open 
Shunt closed 

80 

|BI 

76 


63 

ISEI 

64 


29 years 

B leg 

Shunt open 
Shunt cfosed 

36 

616 


tf 
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ABTESIOVENOUS ANEUBT8M 

an oneuiysm (Table Y) In one other case in -vriuch flows were measured 
before and after operation, no change was recorded Thus in an unaffected 
limb, bloodflow through muscle is essentially normal In Lewis and Drury s 
observations where skm bloodflow was a large component, a subnormal 
flow was observed 

On closure, the flow rose (Fig 6) to an average of 6 0 c c per 100 c c 
per min The increase in flow was observed m all cases except Case 11, 
in which there was a small ulnar arteriovenous communication The 
increase in flow occurred immediately the shunt was closed These results 
are in agreement inth the findmgs of Lewis and Dmrv (6) Limb volume 


TABLE IV 
Effect* o/ mne blocl 


Cam 

No 

Site of 
aneui^em 


Forearm flow (c c per 100 c c per nun ) 

Control 

Blocked 

2 

1 

L fcmorol 

j 

Shunt open 


44 

84 


1 

Shunt closed 

1 

99 

90 

4 

L femoral 

Shunt open 

R 21 

L 33 

L 41 


t 

Shunt closed 

6C 

90 

65 


TABLE V 
Pofl-operalvec rentlt* 


1 

Ca»e 

\o 

1 

Time since 
operation 

Site of 
aneurjism 

Blood flow (c c per 100 c c per nun ) 

QOrnial luQb 

Affected lunb 


1 1 month 

1 

L femoral 

17 

1 7 




1 

25 

1 



60 

1 6 6 after 

( 

)■ 

— 



indirect 

heatiDg 

‘1 

2 months 

L carotid 

18 
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also increased immediately on closure of the aneurj'sm and only rotumcd 
to the ongmal level when the shunt was reopened 

Effect of nerve block tn hnibs vnaffected by the shunt In t\\o cases, a 
prooame block of the median, ulnar and radial nerves nas earned out 
The bloodflow was measured m both forearms, one with the nones blocked 



Fig 6 tCaee 2) Left femoral aneurysm 

The upper tracing shows first the fiow m the control arm with the ancurjsm open |4 C cr 
per 100 c c per minute), and then the flow m the same arm when tlic ancuryem was cImm 
at A (8 6 c c per 100 c c per minute) The lower tracing shows similaT flows in the other 
forearm m which the radial, median, and ulnar nerves liad been blockwl by procaine Alter 
ner\e block, closure of the shunt caused only a slight increase in forearm bloodflow (from 
9 1 to 10 2 c c per 100 c c per minute) Time in seconds 


and the other noimal Acute closure of the shunt then caused an increase 
m flow m the arm with nerve block which was much less conspicuous than 
that seen m the normally innervated arm (Table IV, Fig 6) and the c langc 
m hmb volume was much reduced 

The bloodflow through s hmb msy be ooneldered M d^ending on the 
blood pressure and the eahbre of the vessels, and Lems and 
that the merease m penpheral flmv on elosmg the 
of blood pressure The smaU merease m flow in a hmb in 
motor nerves had been bloeked might weU have been eaused ^7 ™ 

of mean blood pressure The oonsplouous merease in flow in a normal 
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however, may have heen due mainly to a reflex release of vaso-conatnctor 
tone or active vasodilatation 

Bloodflow xn limbs affected by the shunt In 4 oases the bloodflow was 
measured in the affected hmb distal to the shunt (Table HI, Cases 3, 5, 10 
and 12) In Cases 3 and 5, wounded less than 2 years previously, the flow 
was considerably less than m the normal contralateral limb, 1 0 c c compared 
with 1 7 c c , and 2 7 o o compared with 4 6 c o In Case 10, wounded 
5 years previously, the flows on the two sides were similaT When the 
shunt was elosed, the flow decreased to very low or unrecordable levels m the 
first 2 cases (Fig 7) In Case 12, however, wounded 29 years previously, 
resting bloodflow in the affected hmb distal to the aneurysm was considerably 
greater than in the normal leg, 8 0 compared with 3 6 c c per 100 o c of leg 



Fig 7 (Case 3) R axillary aneuiyGUi 

Tf TlHhunt ‘he coUecting niff was inflated at B after dosure 
sec^Ss " ™ Calibration m 2 cc steps Time m 


TasXsed the aneuiysm 

to tlS" “ »>■» l-ata 

..O.0 00.03, S r ” 

abol c support Lewis’ f Bi 'tnA-nr ti, * ii. ®/ -Ih® data given 

limb when the shS^wal closS^y Woodflow in the affected 

provimal to the aneuiysm would seem Wst 

supiilj to the distal ^mn of tL hi^^fl that nearly aU the blood 

the aneurjsm The rXed flow ta vessel past 

collateral vessels, since bloodflL retSn“i to flf ^ 
tfio occluding pressure was released unmediately 

oonsp.cuous deielopment of cohatera/teTsrint^^^^^ 
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In contrast, the one long-standing case studied showed a greater 
bloodflow through the affected hmb distal to the shunt uith the aiieurjam 
closed than was present in the contralateral normal resting limb, suggesting 
a considerable development of collateral vessels 

Po8t-operativ& obaervaitona The results in the 2 cases studied are shown 
in Table V Bloodflows in the limbs unaffected by the shunt uerc 
unchanged from pre-operative levels Blood flow in the limb in uhich the 
aneurysm had been removed by quadruple ligation and excision in Case 2 
was similar to the contralateral limb, and responded in a similar manner to 
the release of vasomotor tone by mdirect heating (Fig 8) 



Fig 8 (Case 2) Left femoral aneurysm ^ ih» uft aide 

The effect of indirect heating on leg flows 30 days after JS ^iscs— nght leg 

There is no difference on the two sides Black discs-left leg , white discs— g g 


SUMMABY 

1 Cardiac output was mcreased m large artenovenous ^ 

the mcrease had some relationship to the size of the communication B.gb 
auncular pressure and heart rate were moderately mcreased 

2 Closmg the artenovenous fistula by compressing the 
to the shunt, produced slowmg of the heart rate, mcrease n 
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blood presBore, a considerable decrease in cardiac output and a small decrease 
in right auricular pressure In large shunts, however, neither cardiac 
output nor nght auncular pressure fell to normal levels on closure 

3 2 mg atropine intravenously increased cardiac output to high 
levels (up to 24 htres per mm ), but changes in rate, cardiac output and 
auncular pressure were still produced by acute closure Output changes 
on closure are more related to heart rate than to fillin g pressure changes 

4 The bloodflow m limbs unaiTected by the shunt was withm normal 
hmits and showed a conspicuous increase on closmg the shunt This increase 
was greatly reduced by proeame block of the mixed nerves to the hmb, 
suggestmg that the increased flow was mainly due to vasodilatation and 
only in part produced by the nse in mean blood pressure 

6 Bloodflow in the affected hmb distal to the arteriovenous fistula 
was reduced m lesions up to 2 years, normal in lesions of 6 years, and 
conspicuously mcreased in a lesion of 29 years duration The flows recorded 
after compression of the artery proximal to the fistula suggested that in 
early lesions most of the blood entenng the distal part of the limb traverses 
t^ aneurysm, while in long-standmg lesions much arrives through other 
artenal channels 

8 Restmg bloodflow m a hmb one mont 
was the same as m the normal contralateral hmb, 
to raising body temperature were identical 


h. after quadruple hgatuie 
and the vascular responses 
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the effect of 2-ralOTOAOIL OK THE OEEATBTOEU OF 
THFEOIOnOOSB, US OSE IK THE EIAOKOSIS OF 

^w ^ -rTvnm rni 1 \I1> tWDiX fi AT 


By I SOHRIRE * 

(Bejwrtmcnt of Medicine, Postgradmte Medical School of London ) 

Adttlt men do not normally excrete significant amounts of ^ 

unno, yet creatine as regularly excreted by children, and is occasion^ 
present as a physiological constituent in the urme of women In certain 
conditions, however, creatmuna occurs in both sexes at any age 

Shafior (16) was the first to r^ort creatmuna in cases of Graves s 
disease, and this has been generally confirmed and accepted Krause and 
Cramer (9) and many subsequent workers have shown that the administration 
of thyroid or thyroxme is followed by a busk creatmuna Palmer (11) and 
others were able to dimmish and even suppress thyrotoxic creatme excretion 
by giving iodine Thyroidectomy is soon followed by cessation of creafane 
excretion It has been suggested that the effect of lodme is not specific 
and may be due to the improvement m the general health of the patient 


2-Thiouracil is recognised as bemg able to inhibit the thyroid secretions 
Tins paper reports the effects on creatmnna of giving tbiouracil to subjects 
with ovpenmcntal and spontaneous thyrotoxicosis, and to subjects with 
creatmuna not due to hyperthyroidism 


M^hods and material 

Unne n as collected under rigid supervision, and creatme and creatmuie 
nere estimated daily from samples of the 24-hour collection (Folm (6)) 
A control penod of 5 to 10 days was allowed before adnumstermg thionraiai 
Tlic ordinary hospital diet was 6n]Jphed Expenence has shown that a 
creatme free diet in hospital patients is uimecessaty, as the normal diet 
does not significantly affect the results 

The preparations used were 2-Thionracil , and thyrotrophio extract 
which was prepared by Organon Laboratones (each ampotde is desenbed as 


• J wish to f ho^ the PJiTsicians of the Postmduate Medical School, HanvmeismitliHoepital, 
and t^irciallN Dr E P Shnrpey Sohafw, for aUowjng me to mvestigata patienta m theiroSu^ 
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containing 200 Heyl-Laqueur units per ml ) The patients investigated 
were — 

(а) Normal subjects Tvitli no evidence of muscle or endocrine disease 

(б) Patients bebeved to be thyrotoxic on cbmeal grounds, uitli a 
raised B M R and creatme excretion in the urine 

(c) Patients ivitb changes m circulatory dynamics similar to those m 
thyrotoxicosis, ivho were also excretmg creatine 

{d) Control patients with creatmuria due to conditions other than 
thyrotoxicosis 

(c) Patients with evidence of thyroid overactmty, but not excreting 
creatine 


Fig 1 
A 

B 

c 



of .h,rote,pta. r»d — ""‘■f 

:.ol ™ Il.eo= ™ "» „d ,o.olt»..».ll . 1 8 

1 tbyrotropbic extract -was injected for ya, , . 

, dor for » doy. A 

ouracil was given 1 g /day for 6 days There was no crcnlinuno Thiournnl 

s.%.Sp>»= ™ »'“•“* “ """■ 

. ml A mild creatmuna ocoorred 
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Res-uUs 

The effect of 2-tlmuracil on creatinuna in experimental thyrotoxicosis 
,n normcd Bwbjecfs Thyrotrophio extract was used to produce the 
ixpenmental thyrotoxicoBiB !Fig I shows the results obtained bj (n) 
bhyrotrophic extract given alone, (6) thyrotrophio extract given after n 


OSGPwtttdat .^OZGThionffe} 



25 » » 

B Crutim 
Crcolnnt 

Pie 2 Bflect of 2 thiooraoil on creatinuna in thyrotoxicosis 

A Marked creaununa 2 0 g thiouracil per 24 ^ r"— 

(18 g > A maintenance dose of 0 6 g per 24 hr pre%ealcd ^ 

B Marled creaimuna 1 0 g thiouracil per 24 hr ^ recurrent 

10th day (10 g ) A maintenance dose of 0 3 g per 24 hr preventea 

creatinuna . on the Cth 

C Moderate creatinuna lOg thiouracil ^r 24 hr crentme was again 

day Thiouracil stopped on the 8th day “^,t.no excretion 

e^reted A dose of 0 6 g thiouracil per 24 hr stopped the reneweu cre 

D oeg tto»«alp«24 1.r OMta. ™ 

suppressed. 
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short course of thiouracfl, and (c) thyiotrophio extract given simnltaneonsly 
uith thiouracil 

Subject A No creatine -was excreted m the control penod Tfi 3 arotropluo 
extract was given for 10 days, 1 ml per day, and the expected creatmnna 
occurred (13) (17) The subject was then given 2 g thionracil per day for 
18 days (36 g ) and, while contmning the tbionracQ, thyrotrophic extract was 
injected as shown 27 ml mjected m 7 days failed to produce a creatmnna 

Subject B 1 ml thyrotrophic extract was given simultaneously mth 
1 g thiouracil per day for 6 days Creatme m small quantities was excreted 
m the urme 


Street 0 1 g thiouracil per day was given for 6 days, and then 1 ml 

per day of thyrotrophic extract was injected for 6 days whfle the thiouracil 
was contmued No creatmnna occurred The thiouracil was stopped, and 
16 days later 6 ml thyrotrophic extract was mjected at the rate of 1 ml per 
day Creatme was excreted m the urme 

Another subject who already had received 90 g thiouracil admmistered 
at the rate of 2 g per day, was injected with 34 ml thyrotrophic extract m 
11 days while the thiouracil was contmued No creatme was excreted 
The extract used was from the same batch and was potent m normals 

B//ect of thxouracd on the creatmuna of thyrotoxicosis Twenty cases of 
thyrotoxicosis were mvestigated, and the results are summansed m Table I 
In all these patients creatme was excreted every day and the quantities 

excreted are recorded m the table Yig 2 shows the effects of vanous doses 
of thiouracil on the creatmuna m 6 selected cases 

One patient was given 2 g thiouracil per day On the 10th andfoUowme 
days no creatme was excreted A mamtenance dose of 0 6 g per 24 hours 
preiented a recurrence of the creatmuna ^ ^ 

patents received doses of 1 0 g thiouracil per day The average 
total amount of thiouracil required to suppress creatmuna was 6 8 g S 
o«c„n^ warn. .v»rag, of 7 doy. Sovoa sahoots 

Two patients received 0 5 | V 

suppressed within 15 days m one and i/do ^ Jp^eatme excretion was 
of tlnouiacU pven iraa 7 5 g aad 7 g reapeobraly ''' 

07o«Uo„ A doa. ofT. g 

oroat™ eaoiolion of 

creatmuna Tlicre is a distmct relationshin suppress the 

dosage of thiouracil and the creatmuna ^Ih tw 
...ppod acvoral days af«r oroafme oyoroto had W 



TABLE n 

EJJect of thtouractl on creaitnurta not dw to hyperlhyrotdiam Creatmuna te unaffected 
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case oreatme was once more eioreted 7 days la^r. imd WM then rapUy 
suppressed in 4 days by resumption of a daily dose of 0 6 g thiouracil 

In the other 2 cases creatme excretion recurred withm 4 and 8 days 
respectively after stopping thiouracil In the first case, tbioinacil was 
stopped two days after creatmuna had been suppressed, and in the second 
case 6 days after suppression of creatine excretion 


Fip 4 
dnj 



Fig 3 
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Effect of ihouractl in clients without thyrotoxicosis excreimg creatine 
Table II shows the results obtained m 21 cases in whom creatmuna was 
present Fourteen patients were m congestive heart failure, and of these 
five had enlargement of the thyroid gland In some of these patients, the 
circulatory changes were similar to those m thyrotoacosis, but the daily 
creatmuna was less than 0 16 g and was not present every day Thiouracil 
m daily doses of 1 g for 10 to 16 days had no effect on the creatme evcretion 
Five patients had generalised carcinomatosis and wasting Creatine 
evcretion was marked in i of these patients Thiouracil in doses of 1 g 



Fig s 


for 10 to H days had no effect on the creatmi,™ t, 
acromegaly had enlargement of the thwoid an^^^t 7^*’ 

excretmg crLtine evS^^ar/nlteXt 
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Investigation of cases thought to be thyrotoxic on clinical grounds but not 
excreting creatine Seventeen cases who were thought chnically to bo luiltl 
or inactive cases of hyperthyroidism were investigated A raised B j\I R , 
enlargement of the thyroid, or a circulatory disturbance u ere the presontiug 
features Thirteen of these patients had thyroid enlargement, but none 
excreted any creatine in the urme for the 14 days or more under investigation 
Table III summanses the results ohtamed m this group It is very clifficiilt 
to be certam how many of these patients actually had thyrotoxicosis In 
spite of chnical evidence of th 3 nrotoxicosis and a raised B M R , tu o of tlicso 
cases, 1 and 8, showed histologically non-toxio goitres from material obtained 
at operation 

Table IV records a summary of the results in all the 71 patients 
mvestigated 

TABLE IV 


Summary oJresuUa tn 71 patxenU investigated showing the effect of 2 thtouracU in crealmuna 


Cluucal diagnoeiB 

No of 
patients 

Thyroid 

enlargement 

Creatmuna 

Effect of 
thiouracil on 
creatinuno 

Aotive thyrotoxicosis 

21 

18 

21 

Suppressed in 
21 

T Thyrotoxicosis 

17 

14 

1 ^ 

— 

Congestive heart failure 

14 

6 

14 

No effect 

Hypertensive heart disease 
(not in failure) 

10 

2 

1 

0 

— 

Mahgnant disease 
(wasting) 

7 

1 

6 

No cficct 

Acromegaly 

2 

2 

o 

No effect 


Djsottssion 

From the reeolts ohtamed m f ^veKs^t^pl® 

and thyrotrophlo estraot, it w dear ^ t^uraoil at the rate of 

extract from produemg a creatmuna ^evented the excretion of 

1 g per 24 hours before thyrotrophic in] ’ for 15 da^s after 

creatme The effect of thiouracil wears off ^ provoked by injecting 

stoppmg It (the total given, 17 g ^ ?“^eived 2^0 g of thiouracil or 
thyrotrophic extract Once a subject has receiveu g 
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more, even massive doses of thyrotropluc extract fail to produce a response, 
and the subject is then, as regards the thyroid response, m a similar condition 
to that seen in myxcedema where doses of 70 ml thjrotrophic extract or 
more fail to provoke a creatmuna 

It IS mterestmg to note that this re&actonness of the thyroid to 
thjTotrophic extract does not coincide with histological changes Domach 
and Sliatpej -Schafer (a) were not able to define clear cut histological changes 
in the thyroid, until 70 g or more thiouraml had been administered Their 
cntena of change were necessarily rigid, and it is to he expected that the 
pliysiological disturbance in thyroid secretion will precede the histological 
alterations in the thyroid gland 

The results in thyrotoxicosis suggest that the more creatme excreted, 
tlie more severe is the degree of toxicity, and the more thionracil will be 
required to suppress the excretion of creatme m the nrme Fig Bj. shows 
tlie results of plotting the average daily creatme excretion agamst the basal 
metabohc rates m the 21 patients Fig 5s shows the results of plottmg 
tlie total dose of tluouracil needed to suppress the creatme excretion against 
the B M R There is a distmct relationship between the height of the 
B JLR , the average daily creatme excretion, and the total dose of thionracil 
needed to suppress the creatmuna, though in a small senes of cases it is 
dangerous to draw conclusions 


The best initial dose to suppress creatmuna proved to he between 
0 6 g and 1 0 g per 24 hr Doses of more than 1 g are unnecessary Doses 
of 0 5 g and less are probably too small As 1 g of thiouracfl per day 
suppressed creatmuna withm 10 days, it is suggested that m the severe 
tlijTotOMc patient this is the optimum dose In the less severe cases 

06 g per24hr for 10 days wiU be sufficient It is not necessai^ STstimate 
the creatmuna in thyrotoxicosis to decide on the dose of thmuracil to he 
given Chmcal assessment of the case should be sufficient In doubtful 

suninsmg Xot alf acro^^egllfcs^Mrete crelto° acromegaly was 

that do It has been postulated (13 14 and 16\ n ^ 
the creatmuna is due to oversLuIa^ n 

l>ornione Both the cases mvesS rhal I thyrotrophic 

ftnd delated BAIRs The failure^o thyroid 

IS uncxplamcd Barfred ( 1 ) reported tha? thionracil 

reported that methyl-thiouracfl did not lower 
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the B M B in one case of acromegaly investigated Rose and SIcConncll (12) 
also failed to reduce the B M R m an acromegalic by mothyl-thiourncil 
given m doses of 0 2 to 0 6 g daily for 16 months 

The diagnostic value of the creatmuna m th 3 aotoxicosis has been studied 
by several workers Kepler and Boothby (8) reported that in 145 cases of 
hyperthyroidism, 61 % excreted creatme, but there was no stnofc parallelism 
between the BMR and the creatmuna Wang (20) has rovioucd the 
subject, and concludes that m thyrotoxicosis, creatmuna is not of diagnostic 
help m assessmg the grade of activity of the disease process From the 
study here made of 38 cases regarded clmically as thyrotoxicosis, it scorns 
that 111 thyrotoxicosis of a oertam degree of activity, it is the rule for creatine 
to be excreted every day, usually in quantities greater than 0 16 g per 
24 hours In patients sufifenng from thyrotoxicosis of a lesser degree, 
creatme may not be excreted at aU, though as the patients have been 
mvestigated for only 3 weeks at a time, it is still possible that creatmuna 
may be present at other times The absence of creatmuna m a case suspected 
of thyrotoxicosis cannot be taken as proof of normal thyroid function, 
though it stiongly suggests that any thyrotoxicosis present is not severe 

When the full chnical picture is present, thyrotoxicosis is easy to 
recogmse The diagnosis may however be difficult, notably m those cases 
with thyrotoxicosis without, or with doubtful, eye signs, and m those with 
exophthalmos and its concomitants, but without the signs of hyper- 
thyroidism The BMR has been generaUy used both to diagnose and to 
gauge the severity of the thyrotoxicosis But an mcrease m the B M it 
has been reported m a vanety of conditions, and when this is small, it is 
often difficult to be sure of its meanmg Mountam and others (10) analysed 
837 cases of essential hypertension and reported that ® 
than +16% m 7% of the milder forms, mcreasmg to “"^8" 

phases They concluded that the raised BMR v as not due ^ ^ 

(21) compared the aredatoj, d^a^m m c^ 
hypertenmon and thyrotomcoca He noted that Ihe 

aM the amonnt of bloodflow are not m propo^on to [JO 

metabolism m eesentoal hypertension a rei^d B M E i® “"f' ‘ 
state of affams m hyperthyroidism CMe (2) esfamated tto Uo^jom 
mil oases of hypertension mth raised metabohsm (an no W 
and fonnd normal values m 6, a shght elevation in . fluently m 

values m 3 Curtis (4) found a raised Wood lotoe 
essential hypertension, even without a raised BM v jrtonsno licnrt 
(19) compared the creatmuna of thjrotoincosis .S,etea that Ho 

LLe, and concluded from the different amounts evmetod 

moehanism of creatme production differed m ® ™ aiamiosis remoras 

It will probably only occasionally happen that t - I ^,1 

in doubt m a case^ of suspected thyrotomcosis esorohoo 

creatmuna, but when this is so the suppression of the crea 
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by thiouracil will be strong evidence m fovonr of its thyrotoxic ongm It 
has been shown that tfaionracil can prevent the oreatintina provoked by 
thyrotrophic extract m normal subjects, and can abolish the creatmnna of 
thyrotoxicosis It does not however aSect the creatmnna of congestive 
heart failure and the other diseases here examined m which thyrotoxicosis 
IS absent These results suggest that the effect of thiouracil m suppressing 
CTcatinuna is only exerted where the creatmuna is due to thyroid overaction, 
and therefore this test may be useful in the diagnosis of doubtful cases of 
thyrotoxicosis m whom creatme is excreted 
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and tho vonotu pressure (V P ) had retureMi t ftHure When fadtiie disappeared, 

^ <■» prt-i ™, 

oongcslire heart failure^ftermvma th filctors, as m thyrotoxio 

from eeeatma ^lr-7-mTl Wen the pafeat reecrmre 

marts of . i tte 

Fig 6 b shows the results m a patient wif K ^ ®Bppression of creatmuna 

patient with congestive heart fadnre where 
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the creatimiria ■was \inaffected by thioiiracil Eventually croatmc was no 
longer excreted "when the patient had recovered from failure, and the 
thionracil had already been discontinued Eig Go presents the results m a 
case examined before and after congestive heart failure "When first examined 
no creatme 'was detected in the uiine for 22 successive days Four months 
later she was investigated in heart failure, and creatine xias present in the 
urine on 13 out of 16 days The average daily amount excreted v as 0 00 g 

Why some patients xvith apparently clmioally toxic goitres do not 
excrete creatme is not clear It is possible that the creatimiria, the raised 
B M R and the eye signs, such as exophthalmos, are not produced by the 
same factor Other workers have thought that the raised B M R and the 
oreatmuna of congestive heart failure are not produced by the same 
mechamsm as m hyperthyroidism Exophthalmos has been produced bj 
thyrotrophic mjection in thyroideotomised animals (7), but not in man 
Shaipey-Sohafer and Bundle (personal communication) have injected as 
much as 100 ml thyrotrophic extract in a case of myxeedema vitb no 
subsequent changes m the eyes, while Sohnre and Sharpoy-Scliafor 
(unpuhhshed) have mjected 66 ml thyrotrophic extract in experimental 
myxmdema, produced by thionracil, without any observed olFeot on the 
eyes The extract used m each case was similar and 4 ml in normal controls 
produced active experimental hyperthyroidism 

Creatme is derived from the muscles and can be mobilised by factors 
other than the thyroid gland secretion It is thus possible that the 
discrepancies m the results obtamed m hyperthyroidism may be due to the 
fact that the raised B M R , the creatmuria and the eye signs of thyrotoxi- 
cosis are produced by separate hormones or mechanisms 

Thionracil may, with justification, be given to doubtful cases x\itli a 
view to notog if there is Iny clinical improvement When ^ 
done and improvement noted, the clmical amelioration has been Fesumed 
to be due to the mhibition of excessive thyroid activity Sh^oy^ 
has however, shown that thionracil is a valuable drug m the 
S LtTestrW failure, and quite often m 

thyroid disease, improvement has been considerable ^y c [ 

,.fter theranv with thionracil cannot be diagnostic of thyroid disease 
S" up heart fatoe, whsrtas the e«pprees.en er net 

of creatmuria is objective and probably specific 

StTMMABY 

1 In normal anbjeeta tluonraed 

normaUy provoked by mjeotion of thyrotrophie ertraet 

2 Thionraeil snppreeeed oreatmuna “ XoSaoil used 

dependlug on the degree of oreatmuna and the doee 01 tm 
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3 The suggested initial dose is 1 g per 24 hr for 10 days The 
suggested maintenance dose is 0 3 g per 24 hr 

4 Thiouracil did not suppress the creatmuna in other conditions 
investigated, including cases of congestive heart failure 

6 In conditions where creatmuna is present and the diagnosis 
doubtful, it IB suggested that thiouracil can he used as an aid to diagnosis 
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TRANSFUSION OF SALINE-WASHED BED C5ELLS IN NOC5TURNAL 

HEMOGLOBINURIA 
(MARCHIAFAVA-MICHELI DISEASE) 

By J V DAOIE * 

{Department of Pathology, Postgradvaie Medical School of London ) 


NocujunaIi hsenioglobmuna is an tincommon type of chronic haemolytic 
anaemia, its course being generally measured in years Episodes of 
baemoglobinuna, charactenstically, but not always, nocturnal, alternate 
with pcnods of freedom lasting weeks or months durmg which time the 
haemolytic process is less active, but still abnormal 

The basic cause of the mcteased haemolysis is an ill-understood 
abnormaUty of the patient’s own red cells , they are sensitive to complement- 
hkc haemolytic factors normally present in all human sera In vitro, the 
patient’s washed cells can be shown to haemolyse readily m his own serum 
and in tliat of normal individuals, if the pH is adjusted to the optimum for 
the activity of the serum factors (pH 7 2 to 7 4) No abnormal haemoljd/io 
substance is present in the patient’s serum or plasma as neither in vitro nor 
m vno are normal cells haemolysed more rapdly than normal 

Some patients become seriously anaemic None of the known 
hacmopoictio substances is effective, splenectomy is uncertam in its effects 
and has been considered dangerous (5), while blood transfusion, an obvious 
remedy, has provoked haemoljrtic reactions 

The object of the present paper is to desenbe the beneficial effects of a 
series of transfusions with sahne-washed red cells on a patient, previously 
reported (1), and to refer more bnefiy to a second patient similarly treated 
Further evidence will bo presented in support of the hypothesis that it is 
the transfused plasma rather than the red cells that is responsible for the 
Iiiemolj tic reaction which may follow transfusions Chmeal details of the 
patients arc given m an appendix 
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Methods 

The amount of hsemoglobm m the nnne A\as roiighl) estimated In 
naked eye mspection and scored as +, a definite reddish tmgc, to + + +, 
deep red to black Heparmized venous blood (0 1 mg hepann per ml ) 
vas used for the hematological studies Red cells vcrc counted in a 1 to 
200 dilution, 20 c mm blood to 4 ml diluting fluid, at least 1000 cells being 
counted m each preparation Reticulocjiies vere counted m films made 
from the deposit obtamed by hghtly centnfugmg a suspension of cells in 
0 16% cresyl blue m salme Haemoglobm (100% — 15 6 g ), was estimated 
by the cyan-hsematm method (7) and packed cell volume by using AYmtrobo’s 
haematoent tubes centrifuged for 30 mms at 3000 r p m Plasma bihnibm 
iras estimated as desenbed by Kmg (6) 

In vitro haemolysis was studied by meubatmg at 37°C a 5% suspension 
of washed patient’s cells m fresh serum acidified vith 10% bv lolumc of 
N/6 HCl Samples withdravn at mtervals were immediately chilled ami 
centrifuged Haemolysis vas measured photoelectncally after coinersion 
of the free haemoglobm to alkahne hmmatm 

The number of donor cells per c mm after transfusion was estimated, 
m the case of the patient L , by diflferential agglutmation (2) This patient 
was Group A Bb positive The donors’ blood (Group 0 Rh positive) was 
collected mto acid-sodium citrate-glucose solution (100 ml to 440 ml blood) 
and stored at a temperature not exceedmg 4'’C for 5 to 12 days before use 
The blood was washed with sterile 0 85% saline m bottles of 160 ™ 
the supernatant b« 
finally suspended : 
effort was made to 
The transfusions r 

blood bemg given in about 40 to 80 mmutes 


ig removed by suction three times oeiorc wio 
sahne up to a final volume of about 540 ml Every 
eep the blood samples stenie durmg these manipulations 
or\rwy O.0 wunTiiTiir had been completed, the 


The effects of transfusing sahne-msked red cells 
Case 1 Mtss L This patient received the washed cells 
MOO ml of Mood during » ponod of 23 days Ko ™ocpt 

cluuoal signs suggestive of on moused rote 

on a smgle occasion when two ^ lafndicc vas obuous 

on the same day , m this case a moderate increase 3 ^ ^hc 

on the foUowmg mommg The Wood g ). the red cell 

hmmoglobm content was raised from 5 /o /o cell 

count from 1.700,000 per c mm to ^.lOO.OOO ® (un-agglutinablc) 

volume (hmmatoent) from 24 6 ^ to 47 /o , cell count (total 

red cell count rose to 3,600,000 per c 1,050.000 per 

red ceU count less donor red cell count) fell graduaU} 

c mm to a nunimum of about ton. 

retmnlooyto count o^refflcd jer sfsrtmg tbo ton»to.o«. 

37<% to a of 1 3%, wirmn » 



TBAmFVBlOl^ m mOTVMAL E^MOGWBaVBIA .7 
in absolute numbers from 610,000 f mgm 100 ml 

plBsma bilimbin level hKmoglobm initially preseat 



Fig 1 Cate JlfiM L , 1st admission and suliseqnent 2 months Blood and nxme changes 
following multiple transfusians with salmc washed red cells The day to day presence of 
liTmoglohin in the urine is recorded roughl} quantitatively as black rectangles Ko black 
rectangle denotes freedom from baimoglohinunB Btemoglohm was raised from 50 to 102%, 
red cells from l,SO0 000 per cmim to 4,700 000 per cjnm The patient’s cell count fell 
to 1 000 000 per c mm ond reticulocytes from 010,000 to 20,000 per cjmn The transfused 
red cells survived well Kote the disappearance of hsmo^obmuna pan passu with the fall 
in reticulocvtcs and the return of the plasma hQirubm to normal 


of disappearing after the 3rd transfusion and TraB completely absent after 
the 8th transfusion 

Sternal puncture tras performed before the transfusions tvere started 
and 2 da\ s after the last transfusion was given Stamed smears and sections 
of the fngments aspirated showed reduced hut still abnormally great 
ert (liropoietic activity m the second sample compared with the very active 
IHcturc revealed by the first sample The patient left hospital on the 2nd 
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“ Woglotouna and loolnng a normal 

The transfused oeUs were ©hminated in a hncar fasluon Tl.n 

affhe Wood maximum level in J^days ' 

as the blood samples varied in aee from 6 to 12 ditva Krkfri-rft ix 4 . r ^ * 

and aubjacM to oonB.deraL "Ip to nX“mc:: 

this may be considered a normal survival ^ ® ^ 

« percentage fell gradually from a maximum of lO^oy 

oof ^ foil frlm 

4 660,000 per c mm to 3.620.000 per c mm during this time uhilst tlm 

patients cell count rose from 1,060,000 per cmm to 2.340.000 per c mm 

The plasma bdirubm had by then risen sbghtly to 0 8 mg per 100 ml 

and there had been two short episodes of hsemoglobinuria 

The patient was readmitted mto hospital on the Ist June for further 
transfusitos Moderate nocturnal hsemoglobmuria had been present for 
2 days The washed cells of three further bottles of blood were given mthout 
^bjeotive reaction and she was discharged from hospital on tlio 4th June 
ihe red cell count was then 4,150,000 per cmm and hromoglohin 100%, 
her urme contained a small amount of hsemoglohm Tvo da 3 s later (Otli 
June) a brisk episode of contmuous h®moglobmuna developed uhjoh lasted 
until the 11th June A blood count on the 13th June shoved that the 
hmmoglobm had fallen to 81 %, and that the patient’s cell count had dropped 
from 2,000,000 per c mm to 1,770,000 per c mm The un*agghitmabIo 
count had been raised to 2,160,000 per c mm as the lesult of the 2nd senes 
of transfusions, the ceUs bemg ehmmated slowly as before 

She was readmitted on the 12th December, 1947, for further transfusions, 
havmg been free from hsemoglobmuna for the previous three veeks Her 
hsemoglobin was then 68% Details of the fluctuating course of the disease 
between June and December are given in the appendix 

It seemed desirable to ascertam how important it was to wash blood 
free from plasma before transfusmg, and to demonstrate, if possible, bj 
in vitro tests the reason for this On the 12th December, 20 ml of 8 daj old 
plasma were given intravenously without provokmg htcmoglobinuria, and 
on the day following approximately 66 ml plasma and 200 ml cells, tahen 
from a bottle of 11 day old blood (T 1, Tig 2) Tlus transfusion had little 
or no effect on the total of patient’s red cells and was not followed by 
hsemoglobmuna 

On the 16tb December, she received a transfusion of 13 day old blood, 
420 ml cells and 80 ml plasma (T 2) Soon after completion she complained 
of nausea and dizzmess, and passed some almost black unne *An intense 
hsemoglobmuna persisted for 12 hours, but had disappeared witbin 24 hours 
A brownish tmge of jaundice developed, fading gradually after 2 to 3 days 
The transfused cells survived well and the hsemolytic episode seemed to be 
entirely due to destruction of the patient’s own cells , the patient s ceJ 



transfusion in nocturnal E^mGLOBlNURU ^ 

count feU from pet to W pven 

^ae none the T^orse for tto ® reactls of any kind 

three transfasions of ^moglobm of lOQO/o 

She iras discharged from hoqj =till 95°/ slight nocturnal 

One month later her h®moglohm ^as still Wo. siig 
hsemoglohinuna had. hourever, ]ust started to return 



F(g 2 C<MC Uw L, 3rd admission and subsequent 1 month Blood and nnne changes 
Tolton'ing blood t ransfusions The day to davpresence of hiemoglobin m the unne is recorded 
roiigltb quantitatively as blach rectangles Xo record denotes freedom from hiemoglobm 
una Ttic 3rd 4th and Cth transfusions (T 3 4, 6} ireie of rvashed red cells The 1st 
and 2nd transfusion (T ) 3} mere of unwashed packed red cells , the 2nd transfusion pre 
cipitnfed A h.'cmoh'tic episode with intense hsmoglobmuna during which time the patient e 
cell count fell from 3,600 000 per c mm to 2,400,000 per cjnm The total hsemo^obm 
mas ultimnfch roised to 100% The transfused cells once more survived well 


Cate il, J/r A Tlus patient was given between the 14th Angnst and the 
Ird September, 1947, salme-washed cells denved from 4,400 zi of Group 
0 Rh + blood The blood changes are illustrated in Tig 3 On the 4th 
September his h'cmoglobin uas 106% and the total red cells 5,000,000 per 
c mm His reticulocytes had fallen from 720,000 per c mm to 150,000 
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per c nun and the plasma bihrubm was then 1 1 mg per 100 ml His 
urme became free from hsemoglobm on the 18th August and remained so 
until his discharge from hospital on the 9th September There A^as a 
striking clinical improvement He appeared to bo a normal health} man 
except for slight icterus of the conjunctivie 


HO ABC 



Fjg 3 Case Mr A , 1st admission and subsequent L month Blood and nrmc rlinnpfM 
foUowmg multiple transfusions 'uith washed red cells Tlie dnj to dnj presence of 
hiemoglobm in the unne is recorded roughlj quantitatuclj os block, rcclnngles ho 
denotes freedom from htenwglobmuna Total hmmoglobin was raised to 10C% and red rc ^ 
to 6,000,000 per omm The reticulocytes fell from 720,000 to 160,000 per emm 
Hssmoglobmuria disappeared after the 2nd transfusion, and plasma bilirubin c to a u 
1 0 mg per 100 ml 


He was next seen on the 2nd October, 1947, four weeks after the final 
transfusion , he had been well since discharge from hospital He Jiad 
passed unne containing hsemoglobm on two occasions only is re cc 
count was 4,680,000 per emm and htemoglobm 93% There ucr 

370,000 reticulocytes per c mm (7 8%) ,, 

He was readmitted mto hospital on the 6th 
complained of weakness and jaundice and intermittent u s ig i i‘ 

bmuna He was senously anemic , red cells 1,650.000 per emm in th 

hmmoglobm 34%, and 40% reticulocytes (620,000 per c mm ) 



fRAmivaios m mcrmsAL aMiiooLOBmuBU n 

, Miruta per 100 ^ eeto 

eaB transfused successfully and m o" ' dinded into four transfusions 

from 8 bottles of 2 to 7 day old Group 0 Wood taded mto 1 

toVoS? ;r“:mm,t^:^^%«|. -‘“^'Cr^S 

rofVw-d ru’^omTnrd.foO.OO^'irT™ and limmo^oWn 08 o/a 
He felt ■« ell and looked fit 


/ 
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Fib 4 Tunc litoraolj sis curves of patient s ceVla in Butogenow and two normal sera Shows 

dinfercnrcs in hicmolj tic power W serum is most active the patient’s senim the slowest 
actinc Onlj a proportion of the patient s cells are hsemoH-sed 

In vitro observations 

The rate of hsEinolysis of Ikliss L’s cells m autogenous and normal 
acidified sera at optimum pH has been studied from tame to time It has 
been found that the ability of sera to bsemolyse patient’s cells m vitro vanes 
both in rapidity of action and in extent (Fig 4) Before the btemolytic 
episode Mhicb foUoired the red cell and plasma transfusion (T 2) given 
during her third admission, 1% or less of a suspension of patient’s cells 
inciihated in her omi serum at 37°C for 5 mm were hsmolysed, compared 
M ith 7 to 1 1 % htemolysed in 2 normal sera studied at the same time Durmg 
and soon after the h-emolytic episode 6 to 7% of cells were hsemolysed in the 
patient’s own serum -nhich was then as active as the normal control (Fig 2) 
This oxpenmont shows that of the three sera studied the patient’s 
omi sc nun was less rapidly luemolytic than the two normal controls, and 
Ihnl during the Incmolvtic episode its activity was increased It was not 
po'.siblo to measure in vitro the hTsmolytic power of the plasma transfused. 
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for the presence of citrate inhibits hscmolysis It seems certain, lio\\o\cr, 
that it was the plasma that caused the hDemoljdiic episode, and reasonable 
to suppose that this particular sample did contain hffimolytic factors capable 
of augmentmg the activity of the patient’s plasma — experiments showed 
that the activity of the latter was, m fact, temporarily increased 


Discussion 

In 1943, Dacie and Pirth described the effects of transfusions of scrum 
and of packed but unwashed red cells on IMiss L , one of the subjects of the 
present report, and briefly considered past wntmgs on tins aspect of the 
subject up to that time Sometimes, but not invariably, there haio been 
senous reactions Sometimes, temporary rermssions have been noted In 
September, 1942, Miss L was given 5 successive transfusions of 400 ml of 
6 months old stored serum without an appreciable effect on the blood count 
The regular rhythm of haemoglobmuna at night with freedom during the 
day was, however, disturbed Transient marked hsemoglobmuria imme- 
diately followed each serum transfusion A subsequent transfusion with a 
concentrated suspension of 2-day old red cells m plasma (about 400 ml 
cells and 100 ml citrate-glucose plasma) precipitated a dramatic htcmolytic 
episode lastmg 48 hours , more than half the patient’s own red cells were 
destroyed wnth intense and contmuous hmmoglobimemia and hremoglobmuria 
The patient recovered from this, and then had a remission from luenioglo- 
binuria lasting for 6 weeks, whilst the red cell count rose about 1 million 
per 0 mm The transfused red cells survived well (data from Dr P L 
Molhson) and were ehminated slowly m a hnear fashion , 22% of the donor 
cells present on the day after the transfusion were still circulating 98 days 

later, a normal survival 

Compared with the alarmmg result of transfusing ^ 

ceUs, the effect of the 6 months old serum in comparatively largo volume 
was trivial , there were only minor episodes of hmmoglobinuna with 
detectable change in the blood count 

The difference was attabuted to the 
plasma transfused with the concentrated red cells lu "vi r ' , jj 

old serum foiled completely to hsimolyse a suspension 

and Its m ™o effect of provoking “St ^orcton 

so much hiemolysis could be provoked by the trausfusio n o f nrt 
100 ml of 2-day old plasma seeme d, however, very rcmarUhle 

• An mwvased sensitivity of patient’s Mils ^ five from woontiliwtii^ 

desonbed (4) Dacie and Firth (1) found ttot ®fo^^ncludcd that iLo looantiliodl 

S?^vokedh4moglobmur,axvheugiventoM^^L^^^^^ 

content of the serum transfused could not to tlm ^use^ ^ ^ 

sensitmtj of this patient s red cells has followed transfusion ,, 

and It IS nowr felt that the m nart to an anti A isohicmohsm present m 

Swashed group 0 red colls may ha^e been due m part to an am 

plasma transfused 
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rrom. the above observations it was thought that although transfusion 
inth whole blood might be a dangerous procedure, it was the donor’s plasma 
rather than the cells that was the cause of the haemolysis of the patient’s cells 
It seemed, moreover, probable that cells washed free from plasma might be 
transfused with safetj% and because of the normal survival of the donors’ 
cells that such a transfusion might be of considerable benefit to the patient 
The present report substantiates these conclusions 

The improvement produced in both the above patients as the result 
of the present senes of red cell transfusions was dmically stnkmg , m both 
patients the haemoglobinuna present at their first admissions dramaticallj 
disappeared pan passu with the rise m hsemoglobm Li the case of Miss L 
hmmoglobinuna had been present almost contmuously m large amounts 
for 4 months , in the case of Mr A for 3 weeks The more detailed studies 
earned out on SLss L indicate a sigmficant dimmution m the rate of 
hicmolj'sis and further support the evidence provided by the return of the 
plasma bilirubin to a normal level and the disappearance of hsemoglobinuna 
The numbei of reticulocytes fell from about 660,000 per c mm to 18,000 
per c mm mdicating a greatly reduced dehvery of red cells from the bone 
marrou The comparatively small fall, m the patient’s cell count from 
1,060,000 per c mm to 1,000,000 per c mm taken m conjunction with this 
greatly imimshed output from the marrow can only mean a reduced rate 
of hcemolysis 


A debatoble point is the relation of the transfusions to the remissions 
observed in both patients Remissions occur spontaneously, and the failure 

1 ^7? transfusion at the be^g of Ime to abort an 
attack nhich seemed to be just begmnmg is a pomt agamst the mvanable 
unmcdititc cfficacifcy of trAusfusioti 


There tyo obvious possible mechanisms by which the rate of 

° “ alteration m the cells tL^elves 

There arc differences m sensitivity between the cells of any given vovXZn 
m vitro, at least, some cells lyse quickly other are 
Ijso, even if the serum is chanid several resistant and do not 

tl» .go ot tho coll., f„ 

(iinpoHislicd obsorratiTOs) SeoSicity rams ato”^^ ‘"‘nice 

an moreaso or dimmution m cell sensit.inH,. *0“! case to case, and 

dclcrniimng the fluctuating course of the di^ase^^sl^ ® 
plasma activity , this is almoif /.orfa, i “ Secondly, vanation m 

the sudden increases m ifflmolvsis^assoaaSd'’mfcf 7*^ 

observed in these patients This has al infections so frequently 

P^bablo ccplaaa^aa't ^ 

transfusions contammg plasma ^ episodes which may follow 
«ocb«; 

nb.fu..on., the toa„.,oa, folloTOg ”3’;’ 
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least partly due to the sudden ehmmation from the circulation of n largo 
proportion of the patient’s most sensitive cells Nor is there cviclcnco to 
support the hypothesis that the relief of ano\ia folloMing transfusion result'? 
in a dimmution in haamolrsis Moreover, the possibility that the mere 
admixture of normal with pathological cells uiU inhibit lysis ol the latter 
IS negatived by in vitro tests 

The following explanation is beUeved to be, at least, partly responsible 
for the remissions now described The raising of the hiemoglobin to the 
normal level with rehef of anoxia results m a diminution in the rate of delivery 
of new cells from the bone manow The fall in reticulocyte count is good 
evidence of this It tollous from this that fewer abnormal colls vill bo 
available for hsemolysis, and less blood pigment to bo disposed of 
Hsemoglobmuria will thus disappear and jaundice uill be diminished, 
exactly as has been observed m the above two patients Relapse will, 
however, occur as the hsemoglobin level slowly falls, due to the oliniination 
of the transfused red cells An increasmg output of abnormal ceIN from the 
marrow will result from this, and the patient’s cell count mil rise, a state 
of affairs suitable for a hsemolytic episode, should the luemolytic acti\ iti 
of the patient’s plasma he augmented for any reason In the case of patient 
L it was surpnsmg to see that although the dehvery of nev cells from the 
marrow as revealed by the reticulocyte counts, had been drastically reduced, 
the patient’s cell count only slowly fell from 1,660,000 to about 1,000,000 
per 0 mm This observation is consistent with the in vitro finding of a 
proportion of cells distmctly resistant to haimolysis 


SUMMABT 

1 The raising of the hamoglobm level to the nomel lonse by eerm 

of tranefusione of ™hed rad celle rasnlted in two imtiento “ 

hematological temporary remieeione The dimmntion ■" ''315”” ” 
considered to bo ligely due to a redneod production of patients cells, 

following rehef of anoxia 

2 The transfusion of salme-washed cells m ^ "o! 

precipitate hamolytic reactions ® natient’s own plasma 

probably by augmenting the hssmolytic activity of the patient s I 

3 Normal ceUs survive weU after m tins u Trivept m a 

corrected by transfusion at intervals, and t e p 

fair state of health 

appendix 

Chracal dbaervations 

a. act ogn ot the “ aSth...p» rfs 

Nocturnal hamoglobinuna was djagnosed m 
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were present and the results of in vitro tests irere diaiactenstic . n proportion of her cells vrere 
haimolyEed hj normal or autogenous serum if the pH rras smtahly adjusted (3) 

Between December, 1942 and October, 1946, she gives a history of chronic illness and 
intermittent attacks of hsemoglobinuna generally lastmgnot longer than 10 days Some weakness 
and jaundice was persistentU present to a varymg degree She has repeatedly observed that 
mild infections of throat or chest and sometimes menstruation have seemed to precipitate 
episodes of liiemoglohinuna often severe enou^ to make her take to her bed, and from which 
recovert has generallv been slow 


Blien seen in October 1946, the hssmolytic process was more active than m 1942 , from 
October 1940 until her admission into Hammeisrmth Hospital on the 27th February, 1947, 
hxmoglobmutia had been almost contmuousl} present, hemg ahravs more marked at ni^t time 
Her red cell count t aned from 1,600,000 per emm to 1,900,000 per emm and htemoglobm 
from 44 to 51% Beticulocytcs ranged from 30 to 55% , mean cell volume averaged 140 cn p 
Tlie plasma contained osyhi^oglohm and meth&mal^mm and mcreased amounts of hihmhm 
In vitro tests were characteristic Her urme contamed debris in which granules contamirg iron 
could be demonstrated by the Prussian Blue reaction Her spleen was just palpable but otherwise 
there were no significantly abnoimal phj'sical signs, other than anseima and a shghtly brownish 
type of jaundice 


Her chmeal course and the mam blood changes between March and June, 1947, have been 
desenbed in the text and illustrated m Fig 1 

remission occurred m mid-June The hsemoglobm rose to 
5 of patient’s cells m the form of reticulocytes feU to 

2 3 /q riasma bilirubin was normal and there was no hssznoglobinuna or \isible jatmebee 

® attack of almost contmnons hamo^obmuiia 
remamed clear until the ^th 
♦ Bctiron t^ date and 8th December when she was agam admitted mto hosnital 

bit^nT6“6% ^’TdTh!’^^^^ “Eht tune Her hremoglohm i^ied 

Fig ^"""8 her 3rd admission are described in the text and illustrated by 


unwell for C months previously Dunne a ep«in,r 

hicmoglohmuna was diagnosed on the basi/of in vitiiffS^*^n Januaij 1947, nocturnal 
Hospital (13th August, 1947) he was pa“ and On ai^ssion mto Hammersmith 

no other important signs were elicited^ His urine ^ i®? palpable but 

unnarv deposit manj granules givmg a ^tive Piuk™ 
admission revealed 1 800 000 eelU per nm,,. mth 

64% Mean cell volume was 1« S o hamoglobm was 

O Bh + Spectroscopic exanination^f the Sa^h™ Group 

presence of oxjluemoglohin and methamalbimim “ hffimolj-sis was active showed the 


( 1 ) 

( 2 ) 

(3) 

(4) 
( 0 ) 
(6) 
(7) 
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POSTURAL proteinuria 


By G M. BULL * 

(From the Department of Glmcal Medicine, Unitersity of Gape Town and the 
Department of Medicine, Poatgradmte Medical School of London ) 


iNTBODtionoir 

Pboteiiojbia is such a frequent and important sign of renal disease that 
the recognition of types irhich are harmless is of very ^eat practical 
importance Over a hundred years ago Beoquerell (8) described a man -who 
had albuminuna but was otherwise healthy Smee then a vast literature 
has grown up about the subject of the “ Benign Protemunas » but, despite 
this, there is no unanimity regarding many aspects On the one hand there 
are some who deny the eiastence of benign forms of proteinuria (53, 5i, 
64, Cl) while others consider that they are extremely common (24, 32, 44) 
Among those nho accept that bemgn forms do exist, there is considerable 
difference of opinion regarding their incidence 

It was soon recognised that most of the protemunas occurring m 
othensiso healthy persons vere intermittent By the begmmng of the 
twentieth century, certain postures, exercise and nervous fretors were known 
to play a part in the production of the protemuna but, even today, the 
importance of the vanous factors remams unsettled (60, 18, 51, 67) 

Control ersy regarding the pathogenesis of the protemuna has existed 
since these cases were first recogmsed and even today there are several 
h 5 'pothescs to explam the vanous types Many of the earher ideas were 
based on an incomplete knowledge of the chmeal picture and on concepts 
of pathology and phj siology that are now outmoded Hooker (29) reviewed 
the carh work very completely and further references to it are to be found 
in articles by Fox (21), Nicholson (46) and Fishberg (18) The hj^otheses 


• TIim pap-'r is ba«fxl in part on matenal from a thesis accepted by the University of Cape 
Town for tlic M D degree and in part on work done while in receipt of a grant for research from 
the Soiitli Vfnenn Council for Scientific and Industrial Kesearch, I wish to acknowledge mv 
RTOlitudc to the heads of the medical departments of the Groote Schuur Hospital and the 
rost irnduatc Medieal School of London for permission to examine their cases and am irreatlv 
indebted to Dr G C Linder for the generous use aUowed me of the facihties of his lab^torv 
nml for inxnbinMe assistance and adnee Special thanks are also due to Prof F Fonnai 
^h th ^ •“‘c'«st m and help with the investigations aS 
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tha+i have survived to recent times can be grouped under four mam hcadmg** 
based on — 

1 The suggestion that theie is an abnormality of the blood 

2 The presumption that there are congenital or acquuod lesions of 
the kidney and particularly of the glomeruli 

3 Presumed vasomotor mstabihty or alteration m aitenal circulation 
to the kidney 

4 A presumed distiubance of the venous return from tho kidney 

This mvestigation ivas undertaken to clarify certain points at issue 
particularly those regarding the incidence and pathogenesis of tho postuial 
varieties of benign proteinuria and their relationship to ivell established 
types of renal disease, particularly nepliritis 


Material and Methods 


The investigations on the incidence of postural protemuria and certain 
other studies were performed on healthy sea cadets aged 14 to 1C years, 
healthy medical students aged 20 to 30 years and on patients over tho age 
of 50 years who were suffenng from a variety of non-rcnal diseases 

Certam patients with postural protemuria discovered by army entrance 
examinations and others in hospital for various non-rcnal diseases were 
used for other aspects of the work mere relevant, further details on the 
patients are mcluded in the descriptions of the investigations 

The following techniques were used — 


Total serum proteins (Kagan (34)) 

Serum and urine albumin and globulin (CJolonmetnc) (Fine ( )) 

Urine proteins (Turbidimetric) (Daley (12)) 

Urea (Conway (11)) 

Diotrast cleornnce (Foa, AVoods and Feet (20)) 

Diotrast estimation (Alpert (1)) nnd Choais (23)) 

Mannitol ond Para ammo hippurate clearance and estimation (G g 
Thiosulphate clearance and estimation (Newman, Gilman and Phi p I )) 

Creatinine (Steinitz and Turkand (69)) 

Statistical methods (Fisher (10)) 

Cold pressor test (Hines ond Broivn (28)) (Bull (10)) 

Modified Addis* count and differential counts of urinary nucleated cells (Bull (l«)) 


At certain stages of the work it was necessary 

craatinme clearance as an index of tho glomeru ar _ g 159) ond 

iniilin and mannitol oeuld not be obtained J „„d 

Miner and Winkler (42) have she,™ that Smith. 

innlm clearances ore almost j „„8 creatinine clcanince 

Rnkelstem and Smith (®ni>omtouttlu,ttbeendo^neusertrtm 

IS always higher than the mnlm elearanw an o,egoncc of cliroroogens 

higher They stete that tins erto. is f J^ca»,n to beheie thnt 

other than creatmme m the plasma iner 
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these chromogens should vary in their concentration over short periods so 
that while the absolute figures for the glomerular filtration rate by this method 
might be in error, comparison of the rates obtamed in consecutive periods 
should provide a reliable index of altering glomerular filtration In the 
present studj, only aiguments based on altenng rates ivere used and 
furthermore, the alterations found were often in excess of 42% For these 
reasons, the deductions drawn from the glomerular filtration rates obtamed 
by using the endogenous creatinme clearance method are vahd 


Results 

I — Incidence of protetnuna and its rdation to posture and age 

One hundred and twenty-mne healthy sea cadets, 60 healthy medical 
students and 50 ambulant male patients above the age of 60 years w^ere 
examined as follows — 

Specimens of urme were exammed for protem by the turbidimetnc 
method 



o Erect lordotic posture 


b Erect Icyphotjc posture 




c recumbent lordotic posture 
Fig 1 


wdertnUn '‘"nuora eierase had beea 

«„'^:rrz"d LZh^'a 

In the o^c^ 50 ncc CToun tlipnnfm lordosis (EW ifl\ 

of lordoS •«» »tta. a aIgSZt 
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TABLE I 

TAo numbers and percentages of prolexnunc subjects tn different age groups and »n 

different postures 


Number of Subjects with proteinuria 


Age group 

Total 

No of 
Subjects 

Specimen 1 

Posture uncontrolled 

Specimen 2 

Erect lordotic 

Spetimen 3 

Recumbent kj-photit 

14 16 yrs 

120 

B 

46 6% 

00 

77% 

0 

0% 

20 30 yrs 

60 

1 


2 % 

18 

36% 



Over 60 yrs 

60 

B 

2 % 

6 

12% 




TABLE n 

The number of subjects of all ages divided tnto groups according to the amount of protein 

found tn the unne 




up to 0 oiff/lOO ml 
10 to 29 mg /lOO ml 
30 to 00 mg /lOO ml 
100 to 409 mg/JOO ml 
above 600 mg /lOO ml 
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Untie Bpecimen 3 was collected firom those cadets who passed protein 
in unne specimens I and 2 and was secreted during a period in which they 
were lying in the recumbent l^hotic posture in hammocks 
The results are shown in Tables I and H 

Comment These data show that protemnna was induced m the 
greatest number of subjects and in greatest concentration when the subjects 
were placed in a posture of extreme lordosis Table I shows that m all the 
subjects examined, no protemnna occurred when they were m a recumbent 
kj^photic posture 

The Tables also show that a vanable and smaller percentage of subjects 
secreted protein when their posture was uncontrolled than when they were 
in a posture of erect lordosis Furthermore, the concentration of protein 
in the unne tended to be higher in erect lordosis and was very considerable 
in many cases, particularly m the younger subjects 

It will be noted that approximately three-fourths of the youths, one- 
third of the young men and one-tenth of the men over the age of 60 had 
protcinuna 


n 


-The effect of posture and abdominal support on proteinuria 


For this study, 14 postural protemunc subjects were used The tests 
T analyse m greater detail the mfluence of various postures 

In addition, the effect of apphcation of a tight abdommal bmder on the 
proteinuria uas tested The procedure was as follows 

cmnlf of moontrolled postaw, tis „„ta.ot.d to 

Sj “ Wodder The male ires seved (apeoimeD A) He ires noir 
placed in vanous postures in turn and at the end of each nenod m a tipti- 
about half-an-hour) he emptied his bladde? and the unne 

S m ,r oSX:d 

Pecumbent kyphosis (specimen B) 

“5 »” f°»‘ o» . eh.m (Rg 16) 

a "'""jtLIef bTndl^^^^^^^^ Jbe binder was 

the subject recumbent (specimen E) P^ards and was apphed with 

Erect lordosis without the abdommal bmder (specimen FI 
TJic results are shown m Table HI 

oroo, lortmis oho did m .bo 
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TABLE III 


The effect of posture and the applteahon of a Hght ahdomiml bmder on postural 

proletnurta 



Protein concentration in mp /100ml m each *«bjwt 


Case No 

4 

0 

III 

16 

20 

[21 

32 ! 

ICS 

ICO 

171 

17 J 

173 

174 

176 

Posture 

A Uncontrolled 

B Recumbent kyphotic 

C Recumbent lordotic 

D Erect kyphotic 

E Erect lordotic with 
binder 

F Erect lordotic without j 
bmder 

0 

0 

0 

0 

0 

40 { 

1 

0 

0 

0 

0 

0 

60 

3 

0 

3 

0 

0 

40 

40 

5 

CO 

0 

o| 

280 { 

5 

0 

0 

0 

« 

120 

10 

0 

60 

0 

0 

ISO 

0 

0 

1 16 

1 0 

15 

16 



0 

0 

0 

0 

CO 

80 

0 

0 

0 

0 

80 

600 

1 

1 

0 

0 

0 

0 

1 

300 

200 


With the exception of Case 175, the proteinuria induced by the erect 
lordotic posture was lessened oi abohshed by the apphcntion of an abdominal 
binder In Case 176 the apphcation of a binder increased the protomnna 

With the exception of Case 16, all subjects secreted protein-£rcc unno 
when in a kyphotic posture even when kyphosis was combined uith standing 
Case 16, the only subject who secreted a small amount of protein in recumbent 
kyphosis probably did not empty the bladder completely before Ijing donn, 
resultmg in admixture of protein — contaming (A) with the protcm-frcc 
urme secreted in recumbent kyphosis This was demonstrated to bo the 
cause in several other instances in which the same phenomenon uas found 
In every case, a further period in this posture caused the unne to become 
protem-free 

It can be concluded from these observations that — 

1 Postural proteinuria is maximal in erect lordosis but can be mducf d 
in some subjects in recumbent lordosis 

2 The apphcation of a firm abdominal binder usually prcicnts or 
dimimshes the proteinuna induced by the erect lordotic posture with ont 
exception only m this senes 

3 Proteinuna does not occur in recumbent or erect kyphosis 


III ~TAe iela(wns/nps of blood pressure, posture and proteinuna 
Amongst the current hj^pothescs of the pathogenesis of postural pro- 
teinuna are those relating the condition to vasomotor instahilitj and rena 
disease The foUowong investigations were earned out to obtain evidence 
on the reactions of the circulation to the erect posture in proteinunc suDjoots 
as against “normal” controls Healthy sea cadets w ere used and w ere c ivi cf 
into protemunc (33 subjects) and non-proteinuric (14 subjects) poups as 
determined from Section I Both groups were iniestigatei as o ows 
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»st,m«l.0M Ot tbe Hood ^sinBO ,^Ster reodiogo if 

„.dmg.BO« fokon ovoo H 

the blood pressure * readmes' -n-eTe the same The lowest 

estimations nere compStion of these readmgs, the 

constant reading was record minutes later further recordings 

subjects Mere made to stand up and 8 to 10 ^ 

of the blood pressure were made by the same me 
Tlic residts are shown in Table IV 


TABLE IV 


nw nressure lacerates) ,n «ro,e.nur,c and non prvtcnunc subjects 


Blood pressure 

recumbent 

minJSg 

Mean fall in 
pulse 

pressure on 
assuming 
erect posture 
mm.Hg 

Mean nse of blood 
pressure on assuming 
erect posture 
min.Ttg 


Systolic 

Diastobc 

Systoho 

Diastohe 

Proleinunca 
(33 subjccia) 

116 9 

66 

18 

1 

28 

58 

' 

Non protcinuncs ] 

(14 Bubjocte) 

110 6 

i 

66 8 

mi 

36 

1 

1 

Difference of means 

1 

64 

08 

B 

08 j 

1 

m 

Signiflconcc of difference 
of means 

joi) P)O0S 

i|0 8^ P^0 7 

08) P)07 

o 

o 

OS 

08)P)07 


Further evidence of differences m labihty of the blood pressure between 
the postural protcmunc and non-protemunc subjects was sought for by 
means of tlic cold pressor test The results are shown in Table V 


TABLE V 

Thr cold pressor lest tn prolanunc and non proteinune subjects 


(Tliiii (<ibV rbovTh Hic mean maximum n«c of sistolic and diastoUc blood preseoies m the 
prniriniirip and non proteinuric tnoup^ As the pressures in all cates returned to the basic level 
irithiii 2 miniitcd of the application of the cold stimulus the tune factor has not been anal^Eed ) 



Mean nse m blood pressure in rmnSg 

Systobc 

Ihastohc 

Ptoleiniinrs (33 nibjccts) 

5 7 

10 7 

Non proleimiries (14 subjects) 

10 4 

^ 114 

Diff< pcnced of means 

47 

07 

^urnifu aiii'C of diffi renn s of means 

0l)p)005 

09)p)08 
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Comment It tpiH be seen that there js no significant difiercnco betircon 
the protemunc and non-proteinunc subjects in respect of the characteristics 
examined 


IV — Corrdation of proteimma with body build 

The vieir has been expressed that postural proteinuria occurs more 
readily m persons of a certam build The hypothesis uas tested using 
€0 unseleoted sea cadets of age 14 to 16 years The following data wore 
obtamed — 

1 The concentration of protem m the urme secreted in erect lordosis 

2 The age to the nearest month 

3 The weight in pounds 

_4 The height to the nearest half-moh 

6 The ratio of weight/height 

The weight/height ratio was used as an mdex of body build In sthonio 
mdividuals the ratio should be high and in asthenics low 

The correlation of protemuna with the weight/hoight ratio was 
significant and suggested that protemuna is commoner m subjects with 
high weight/height ratios, t e , sthemes However, when this correlation 
was corrected for age it was not significant 

None of the other correlations (Nos 1 and 2, 1 and 3 and 1 and 4) was 
significant In view of the linuted age group of 14 to IG years used in this 
study, this does not mean that there nnght not have been a 
correlation of protemuna with age if a wider age group la 

Postural protemuna is therefore, not related to height or weight and 
does not occur more commonly m sthenic or asthenic persons 

The lumbar curves of the same subjects were exammed and the degree 
of , “X Tfound to be w .7 euod- 

protemunc eubjeote This oonflrme an rebjocte mth postorni 

eases of nostural protemuna examined Ihereiorc, suoj^o i 

^rTm do notVve a tendency to undue lumbar lordo..B 

V —The rehatemehp 0 / fostwral prolemmm to Mer meitcal condthme m a 

croup of sen cadets 



sea cadets and a routine ctoiwi e - ^_.ggven of these cadets were 
unselected cadets used m Section I Eighty seven 
followed for 2 years and 42 for 6 months 
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a Past medical history The frequency of occurrence of certain 
illnesses is shown in Table VI 


TABIiE VI. 


The frequency of occurrence of eertam dutatu from the past Aietonee of jrrofeinunc oiid 

nonqtroletnune eadete 



Proteinnnc gronp 

32 snbiects 

Non piotemnnc group 

14 subjects 


Knmber 

% 

Kninber 

% 

Chicken pox 

21 

65 

10 

71 

Whooping cough 

17 

53 

7 

50 

Meoslca 

26 

78 

12 j 

86 

Utimpe 

10 

1 

1 ’ 

1 50 

‘ Toneimtia"* 

13 

40 

7 

50 

Oerman measles 

3 

9 

1 

7 

Scarlet feter 

3 

9 

2 

14 


of tonafllitui or who had 


enteno fever, broncho-pneumonia, malta fever 

hfw ’ ^ each occ;ixed on^m 

^c protcmunc group Appendicitis occurred three times m the nrotem 

group Malana occurred twice and pneumonia and jaundice oMe each m 
«» o„„.prote.„.„„ group No co „> ..tor group gor. , 1.^“' 

noo. of »det. 

choogo. m the fund, Two ™b„ota hod .maH 

ond “ptoSrr ."” ^ 

Tlic titrc of cold agglutuiins m a.. ^ negative m every mstance 

Th. total ptoto.„'f^“rof 

™lo.fortr,.proto.„„„.”‘d ““d 

per 100 ml ° proteinunc groups was identical-7 7 gms 

til. ..dels rorralcd no otaOTiMlrtier**'””™’ 'Mnination of nil 
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Comment It tviII be noted that there is no disproportionate occurrence 
of any disease in either group Tonsilhtis, uhich might be expected to 
predispose to nephntis, occurred less often in the protemunc group than m 
the non-protemuric but the difference is small and not significant Scarlet 
fever, which also predisposes to nephntis, occurred very infrequently in both 
groups and again there is no significant difference in mcidencc 

Therefore, postural protemuna can occur without a past history of 
renal disease or scarlet fever or tonsillitis which might predispose to renal 

TABLE vn 


Unnary aedtment cowUa when the posture teas uncontrolled 
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disease and there is no significant difference between protemunc and non- 
proteinunc subjects in the incidence of past disease Furthermore, none 
of the physical signs that characterise obvious nephritis accompany the 
protcinuna in postural proteinuncs and a follow up study reveals no tendency 
for postural proteinuncs to develop patent nephntis or other renal disease 

VI — Macroscopic examination of the unne 

The rate of unnary excretion of cells and casts m subjects with and with- 
out postural protemuna was deterimned in forty-two unselected sea cadets 
Unne specimen 1 which was secreted under uncontrolled conditions of posture 
and unne specimen 2, secreted m lordosis, were collected and exanuned 
microscopically Total and differential counts were made on the sediment 
The results arc shown m Tables Vil and Vil i 

Differential unnary nucleated cell counts revealed no significantly 
different distnbution of cell types m unne &om postural protemunc and 
non-proteinunc subjects 

Comment It will be seen that postural protemuna is accompamed 
by an increase in the output of all formed elements m the unne 

Differential nucleated cell counts show that the types and proportions 
of cells passed by postural protemuncs are similar to those found m 
non-proteinuncs 


Vn — Clearance studies 

This investigation u as undertaken to estabhsh the dynamics of kidney 
function in postural proteinuncs The renal clearances of vanous substances 
was investigated in different postures 

Tjio results are shown m Table IX and Fig 2 shows the results m a 
tj’pical case in graphic form 

Comment It uill be seen that there is little difference between the 
clearances in recumbent kjThosis and erect kyphosis but that there is often 
JosSri clearances of all substances m the erect lordotic 

^rglome™SLm^^^^^^ ^TWm 

can he scon to ha\c occurred in the iirAn ? same phenomenon 
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TABU’ 

Ckanncts 



but tbe foil m the former is greater than that in TJ othw 

filtration fractions in erect lordosis than in reoumhen }T , 

Lds, a greater proportion of the plasma is filtered at the glomcnilus in 

the former posture 

Vm — Protein secretion by each kidney 

This investigation was designed to ^¥hwc sXjccts wth 

kidneys secrete protem duimg inserted catheters into 

this condition were used Mr Goldschm J flow had 

the ureters of these patients stand m forced 

commenced through the catheters, the a j Jiidncjs collected 

lordosis and the urme secreted from the right and lc« Hum j 
separately and tested for protein 












































































POSTURAL PROTEINURIA 


Ml IMtn 



Clearances m erect lordosis divided 
clearancea m recnnlbent kyphosis 
expressed as a percentage 
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rnilogrnous creatinine clearance ~ ■ ■ 

tt . Mt “ ”«*“ M»»a «.« tW tarn 

un„. „,h btooa, be 

protom at all One can, however see fch J i ft secreted 

tlio unne from the left side contamed mn ^ left secreted protem heoanse 
from the right less Wood than that 

It mn\ therefore be concluded that bn+i, i j 
in postural protemuna ^ ladneys may secrete protein 
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satisfactory end points "vrere difficnlfc to obtain irhen the subjects were m the 
erect posture, so subjects were chosen for this study on the basis of their 
ha^^ng proteinuria in recumbent lordosis Foot-to-tongue circulation times 
were determined using 10 ml decholm or 10 ml 10% calcium gluconate 
as the indicator substance The results are shown m Tables XI and XII 

XABI.B XI 


Tht foot to tongue emulation timet tn non proteinune tubgeett m the recumbent hyphotta 

and recumbent lordotic poetures 



Becumbent kyphosis 

Keciimbent lordosis 

Case 

Xo 

Circ tune, 
aec8 

TJnnaiy 
protein, 
mg per 100 
ml 

CiTc tune, 
secs 

Urmary 
protem, 
mg per 100 

160 

31 

0 

27 

0 

160 

24 

0 

27 

0 

161 

8 

0 

0 

0 

162 

10 

0 

U 

0 

163 

6 

0 

8 

0 

165 

19 

0 

23 

0 

160 

36 

0 

39 

0 


TABLE Xn 


The foot to tongue circulation times ,n jmetural proteinuncs in the recumbent kyphotic and the 

rceumhent Itirdotie postures 



Recumbent kyphosis 

Recumbent lordosis 

Case 

Xo 

Circ time, 
sees 

Uniiary 
protein, 
mg per 100 
ml 

Circ time, 
secs 

Rnnary 
protein, 
mg per 100 
ml 

163 

32 

0 

70 

320 

154 

26 

0 

+ 

600 

165 

10 

0 

16 

30 

166 

10 

0 

17 

60 

167 

29 

0 

123 

400 

I5S 

+ \o end point 

23 

0 

36 

300 
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Gommeni It will be noted that in the proteinnno group, the foot-to 
tongue circulation tunes in recumbent lordosis are considerably greater than 
in recumbent kyphosis and that m this they differ from the non-proteinuno 
controls 

TABLE xm 


Pressure readings tn the inferior vena cava in two postures in subjects with postural proteinuria 


Subject 

Pressure in ems water from D 10 ^mous 
process 

Pressure 

Erect kyphoBia 

Erect lordosis 

ems water 

AJSr 

— 1 

4- 19B 

20 6 

AJf 

+ 6 

+ 18 

12 

ST 

1 — 7 

1 

I + 10 

17 

BK 

1 ^ 

+ 14 

14 

ON 1 


-f- 22 

17 

sa 

i 

+ 10 6 

14 6 

HS 

— 3 

+ 17 6 

14 6 

GE 

0 

+ 12 

12 

SC 

—■3 6 

+ 17 

20 6 


TABLE XIV 

Pressure readings tn the inferior vena cava in two postures in subjects without 
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The short circnlataon times obtamed m Cases 165, 166, 161, 162 and 163 
are explained by their youth (6 to 6 years) and small size, combmed mth 
fear of the test which mcreased the cnculation rate 

X — Pressures tn (he inferior vena cava 

To obtam further evidence on the nature of the inferior vena caval 
circulatory delay suggested in the previous section, direct pressure readings 
were made in the inferior vena cava by means of a catheter The catheter 
was inserted by way of the basihc vem, subclavian vem, superior vena cava 
and nght auricle and pressure readmgs were made on a water manometer 
using the spinous process of the 10th dorsal vetrebra as the pomt of reference 
Six subjects without and mne subjects with postural proteinuna were 
investigated The results are shown m Tables yTTT and XIV 

Comment It will bo noted that a rise m pressure accompames change 
of posture from erect kyphosis to erect lordosis and that this nse is 
significantly greater in subjects with postural protemuna thw^ m those 
without this condition 


XI — Anatomy of the inferior 




In view of the results of the two previous sections, it is obvious that 
tlicre 18 a delay in the circulation m the infenor vena cava durme the 
proteinuric phase To estabhsh the cause and the site of the obstruction 
to the venous flow, anatomical dissections were undertaken 

Tu enty-eight adult cadavers were exammed in the Anatomy Denartment 
of the University of Cape Town to detemime the relationship of the hver 
to the upper part of the mfenor vena cava In each case l f 
remoicd mtnet and that portion of the mfenor vena cava 
postenor to it was removed with it 

«.«, tl,o W , '“8“ "fa* ’''“I contact 

-.on. no. o,.o.o„ 

M!im caia as in and^l]'?4TntTah™ encases the mfenor 

follow tlie Incr when this organ rotates 
showm in Figs 5 and 6 a wide range of rotatmn 

i< Po-ssiblj more important from the point of vipw^ could not affect 
mfenor lena cava ,s the length of hve^ ZnZT ““P^ession of the 

centre of rotation of the liver on a hon f vessel The 

c. ortho gr.,00 for th, .font T '* f ““C 

greater the length 
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Fig 6 Fig 6 


Figs 3, 4, 5 and 6 Posterior Mews of the h\er to show its relation to the inferior vena eain 

Xn — The effect of position of the hver on proteinuria 

This investigation was undertaken to determine whether protemunti 
could be induced by rotating the liver into different positions Adult 
subjects were chosen for this inve'^tigation on the basis of their having 
easily palpable livers which could be manually rotated through the intact 
abdominal wall After a period of uncontrolled posture, the subjects 
emptied their bladders and the urine was saved (specimen A) Then the 
foUowmg manoeuvres were undertaken for 10 minutes each in the order 
listed At the end of each penod a specimen of unne was collected and 
jested for protein 

1 The subjects were placed in a posture of recumbent kyphosis 
(Urme specimen B) 

2 They then remained m the same posture but manual pressure was 
apphed to the hver m an attempt to rotate its anterior surface 
infenorly (Unne specimen C) 
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causing the antenor part of the hver to rotate upwards (Urm 

specimen D) , i. t 

4 The hver was then released but the subjects remained m recumbent 

lordosis (Unne specimen E) 

6 FinaUy. pressure was apphed to rotate the antenor ^ 

hver infenorly, the subject remaining m the posture of recumben 
lordosis (Urme specimen E) 

After completion of these manoeuvres, certam of them were repeated 
and foot to tongue circulation times done while the subjects were mamtained 
in two of the positions 

The results are shown m Table XV 


TABtE XV 

TKt effect oj rotation oj the hver on the urinary protein and the foot to tongue etreulalion time 


1 


1 8 . 


! I 


s 


o 

Jt 


2 

E 


B 


K 

Jilt b 

up 

cgl 

^(S e 
ESS 
S §5 


11 

I.B 

a o 




s 

B a 

T| 

i §, 

in 


3 

« 

o 

■E 

ii 

2 

E 

9 

O 


« a 

B Q 




S 

o 

O 


Case 

No 


10 

0 


Total protein mg /lOOml 6 I 6 

Globvuin mg /lOOmI 0 , 0 

Totol protein mg /lOOral 0 | — — 

Total protein mg /lOOmI 0 , — I — 

Circulation time secs , { 


0 

0 

0 

0 

36 


20 

0 

10 


720 

80 

330 

60 

61 


Total protein mg /lOOral 


100 


Total protein mg /100ml 
Cirrulntion timi secs 


0 

33 


Total protein mg /100ml 0 0 

Cimilation time recs ' 22 


10 

t 


10 


Total protein mg /100ml fi 0 

Total protein mg /100ml 0 0 

Cm Illation time sees ' 17 


30 


Total protein mg /100ml 10 

Cin Illation time Fee# I 


10 

35 


- 10 


10 


30 

61* 


660 

300 

65 


201 

repeat 

repeat 


130 


30 

130* 


131 


132 


162 

repeat 


16It 


t No enil point 

J The eontimiou# proteinuria mis caused by pyelitis 

I subjects tested the Decholm 

and Mime oeeond# later a much stronger taste was oboerred 


The hver was then released 
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Comment It will be noted that in each of the subjects, a position of 
recumbent lordosis with inferior rotation of the hvor produced inrjnig 
degrees of protemuna In 3 of the subjects, recumbent lordosis alone was 
sufficient to mduce the protemuna and, in these, upward rotation of the 
hver abohshed it 

Companson of the results of this investigation with those of Section II 
reveals a close similanty Here as m Seotion II, lordosis ivns a necessary 
factor but in most of the oases was insufficient by itself to induce the 
protemuna When lordosis was combmed ivith an inferior rotation of tlio 
liver, the protemuna was maximal 

It will be seen also that the same lengthening of the oiroulntion time 
occurred m strict association with the protemuna as was seen in Section IX 
This suggests that inferior vena cava compression was responsible 


Discussion 

The type of protemuna The protemunc subjects in this study fall 
into the group of postural protemnnos The protemuna could always bo 
abolished by the assumption of a posture of kyphosis and mduced by lordosis, 
either alone or oombmed with other factors 

Exercise as a oontributmg factor was excluded in this senes because 
the protemuna occurred under conditions of rest or after mild exertion 
and because as Barach (3, 4), Heilebrandt (26) and Hellebrandt, Brogden 
and Kelso (27) showed, violent exercise is necessary to induce protemuna 
Neurological disease and renal palpation can also be excluded as causes 
The various hypotheses of postural protemuna listed on page 78 may 
now be considered seriatim 


The hypothesis of an abnormality of the serum proteins 
Tn 1905 Wnaht and Boss (69) found what they believed to bo a 
hypocoagulability of the blood m two cases of " 

They postulated that an increased ^’^®3ition^ To test this 

abnormality of the blood was responsible for 

hypothesis, they admimstered calciuni salts p increased by tins 

current beUef that the ooa^ability 22} confirmed the effect 

means The albummuna disappeared Box (^i, ^ ) 

of calcium therapy „ „n4- ralcmm as such that 

Post and Thomas (50) beheved that it properties They 

was responsible but that it acted by virtue -^otemuna by neutrabsation 
stated that they could regularly abolish the protemuna y 

or mild alkahsation of the unne Thomas do not appear 

However, Wnght and Boss, Box an control of posture in 

to have reabsed the great importance of 
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any study of this condition Nicholson (46) m a well controlled investigation 
nas unpble to confirm their work and Harrison (25) similarly found calcium 
to ha\e no effect on the proteinuria The suggestion that alkahsation of 
the unnp abolishes the protemuna was not substantiated in the present 
investigation Although no dehberate attempt was made at investigatmg 
this point, several subjects spontaneously passed alkahne unne containing 
protein 

A final decision on the question of the effect of calcium or alkali 
administration must rest on more complete study, but any effect that they 
may have must be of mmor importance for circulatory factors must be 
present to account for the postural nature of the protemuna 


Hypotheses based on presumed congenital or acquired lesions of the Lidney and 
particularly of the glomeruli 

One cannot picture any alteration m the renal parenchyma which 
could occur mth posture unless it were due to mechamcal or reflex alterations 
in the blood supply to the organ as a whole These will be considered later 
Houcier, there remains the possibihty that congemtal or acquired lesions 
of the glomenih do occur in postural protemuna and cause them to be more 
pcnnoablc to protein These lesions would allow them to pass protein under 
conditions of disturbed circulation which would not affect normal glomeruli 

Congenital lesions Among the earhest suggestions made to explain 
postural protemuna uerc some that postulated congemtal abnormalities 
of the glomenih and associated abnormahties of vasomotor tone, build and 

',4 0 ( these, a “proteinunc diathesis » was desenbed 

(14, (., 43) Hooker (29) revieus these old hypotheses very fuUy 

The present investigation reveals no special protemunc diathesis and 

point Mas studied maj not have rerenlprl fi. i whom the 

iMirthcrniore, congenital abnormahties do not or otherwise 

adiaiicing age as would haie to oemr tn i revert to normal with 

;n the older age groups “-^ence 

lioconic complctch defunct with a^e 2 glomeruli 

of such obliterated glonicruh m a^suffiom f lustological evidence 

^ ® sufficient proportion of normal adults' 
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only evidence of sucli a lesion Prominent among the upholders of this 
view are Bussell (63,64) and Thorp and Wakefield (64) Their main reason 
for this behef is their findmg of cases with undeniable signs of nephritis 
plus postural increase of protemuna However, any condition which can 
affect three-fourths of the population can occur in a high percentage of 
people with other conditions including nephritis and these cases probably 
represent nephntics who have at the same time postural protemuna Rnsscll 
also found a greater percentage of children who had recently had scarlet 
fever to have postural protemuna than a control senes However, it appears 
from his papers that neither of these two groups of children w as examined 
under uniform and controlled conditions of posture and exercise during the 
period of urme secretion He beheved that symptoms such as hcadaclie, 
fatiguability, lassitude and occasionally some swelhng of the face wore 
commoner m the protemunc group than in normal 8ub]ects This argument 
was, however, based on a lughly selected senes of cases referred to him and 
who must have had symptoms or else they would not have been discovered 

Bussell’s and Thorp and Wakefield’s conclusions are, therefore, not 
acceptable Furthermore, on the evidence of the present investigation anj 
causal relationslup between postural protemuna and nephritis is unlikely 


for the foUowmg reasons — 

1 It 18 difficult to picture a type of nephritis that can cause such a 
charactenstic and selectively postural protemuna m about threo-fourtha 
of youths 

2 H suoh » taon erate, one would expert to find other evidence of 
it than the protemuna This is not the case 

a No detectable oedema was found m any of the coses. 

b The serum protein concentrations of the "p", 

nrotemunc groups of cadets did not differ m any way This a„r 
^SS/of WuU ond swaneon (hO, ond 
and van Slyko (37) If the 

Ss even although aU readmgs were m 
c None of the cadets showed evidence tune In this 

Only one of them had a raised bloo P mm Hg 

case the blood TJie high reading vas 

and when recumbent statistically there was no 

probably due to nervousness Exa^mw ^.otcmuric and 

significant difference in t^ b oo p ^ Nicholson 

non-protemuric groups Diehl and ^^,en responsible 

(46) came to the m tbe\lood pressures in the 

for the protemuna, some difierence 
two groups might have been expected 
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d None of the cadets -with postural proteinuria gave a history suggestive 
of nephritis, oedema or any renal disturhances in the past 

e The histones of the cadets showed that there is no special incidence 
of diseases such as scarlet fever or tonsilhtis which are hable to be 
compbcated by nephritis Purthennore, there was no dispropor- 
tionate frequency of occurrence of the exanthemata in either the 
protemunc or non-protemimc groups 

/ There was a lack of subsequent development of patent nephntis on 
follow up Had the protemnna been due to nephntis some cadets 
should have shown signs of it later 

g There is almost umversal agreement that the prognosis for future 
life and health of postural protemuncs is excellent This would 
not be the case if nephntis was responsible Wolman (68) reviews 
this aspect very fully so that repetition is unnecessary 

h The nucleated cells in the unnary sediment are not of the same type 
as are found in nephntis or nephrosis (Section VI) (The distnbution 

of the vanous types of nucleated cells m unnary sediment m health 
and disease wiU be considered in a future paper) 

Therefore, it can be concluded that nephntis plays no part m the 
pathogenesis of postural protcinuna (In cases of acute diffuse glomerulo- 
nephritis in the stage of recovery an. intermittent protemuna is sometimes 
seen u Inch mav not be associated with posture This group requires further 
iniestigation) 


Hypotheses based on presumed dmlurbances of arterial circulation 1o the lidney 
Among the carbest suggestions for the pathogenesis of postural 
m t Tti mstabibty caused circiilatoiy changes 

jfii* Ti responsible for the proteinuria (60, 14 

such as immersion of the bodi m wiie?ort?r!r? Certam manmuvres 
suit, prcicntcd both the protemuna and the fa^ll of a pneumatic 

thmc of their cxTennicnts^(nuXrTll 59 ^ ^ 

of puUe pressure and protemuna did not occur Later^ 
ancl (31) Published a bnef renari r.f Hegemann 

a-ai ibe same aasoLhoror a W1 ““ "•>“«>> aiTO 
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renrcrrthf ‘"''™ »» 

by Wted pxdse preBsru^e and “wmbBa tt ™‘»boI«m olUml 
m whom tho protomm.rw“r»o ?S 1 "“f"™' 

ooptools, th<^ dotonmnad S.°S7;' ''l 

A^ase m them tubjeett wtth posttL protemm.a, 

68, 49^ 60 and 50 mm Hg Despite the fact that all of these controls Imrf 
heir P’^^ssures than one of their postural proteimincs, their uork hn^ 
been extensively quoted in favour of the pulse pressure hvTiothcsis Tt 

hypothesis has been earned through the hterature (22, 50, 18, 70) 

Investigation of the present larger senes of cases’ revealed that the 
behaviour of the pulse pressure in postural protemuncs is the same as it, 
non^proteinuncs On the assumption of the erect posture, protcnuirm can 
occur whether the pulse pressure nses or falls In support of the present 
finding IB the work of Bass and Wessler (7) and Diehl and JIcKinlay (13) 


The tno eased venom pressure hypothesis 

The effect of increased venous pressure on the renal dynamics Posnor (40) 
in 1880 induced proteinuria in animals by compressing tJic renal veins 
This has been confirmed many times since then Winton (66) uorknig on 
dogs’ heart-lung-lndney preparations induced proteinuna by raising the 
venous pressure and noted that accompanying the proteinuna was an 
oliguria and decrease in renal blood flow He quoted certain Instelogical 
evidence by Ludwig (39) to show that the rise m venous pressure dilated tlic 
pentubnlar venules and oompressed the tubules mth a consequent rise m 
mtratuhular jiressure This suggestion was confirmed by his v ork hccaiisc 
he foimd that a rise m uretenc pressure which ordinarly reduced urine flow 
did not do so when the venous pressure was increased Tins apparcntlj' 
paradoxical result is explained by the fact that the uretcnc pressure is 
communicated to the tubules and prevents their compression by the dilated 
venules Furthermore, when the ureteric pressure was raised first and the 
venous pressure later, it was possible to mduce an increase m unne flon 
with the rising venous pressure The interpretation of tins was that the 
venous pressure was communicated back to the glomerulus and caused an 
increase in the filtration pressure 

Theobald (63) wmrking on dogs, showed that the normal prcBSurc m the 
infenor vena cava was 4 to 8 mm Hg and when this pressure was raised 
to 8 to 10 mm Hg , ohguna resulted Between 10 and 15 mm Hg pressure, 
ohguna, albuminuria and retention of chloride, phosphorus and nitrogen 
occurred and between 16 and 20 mm Hg pressure, lueraatuna occurred ns 
well If the pressure rose above 20 mm Hg , anuria resulted 
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There is therefore, sufficient evidence that an increase m venous pressure 
vill cause proteinuria and certain other manifestations m animals Theobald 
(02) was able to induce protemuna in man by pressure on the epigastrium, 
presumably compressing the inferior vena cava I have seen a case of 
Hodgkin’s disease with gross protemuna At autopsy, both renal vems 
■nerc surroimded by masses of glands and compressed Xo renal lesion was 
found to account for the protemuna so that venous compression by the 
glands was probably responsible Cardiac failure is often accompamed by a 
raised venous pressure Under these conditions there is frequently 
protemuna and uater and salt retention is a feature of the condition (65) 
Tlie picture is, however, somewhat compheated and wiU be discussed m a 
future paper Tlierefore, despite the lack of direct evidence, it is almost 
certain that an increased venous pressure does produce similar effects m 
man and animals 

By inference from Wmton’s work, we should expect to find a nse in the 
filtration fraction because the venous pressure is probably transmitted to 
the glomerulus and tends to raise the filtration pressure This nse in the 
filtration fraction is not hkely to be large because of the parallel mcrease m 
intratubular pressure The effect of the mcreased mtratubular pressure 
and decreased renal blood flow on the glomerular filtration rate would 
therefore only partly be compensated by the nse m filtration fraction and a 
decrease in glomerular filtration rate should result 

Therefore, if postural protemuna is due to an increased venous pressure 
mechanism we should find — ^ 

1 

2 

3 

4 

5 

G 

7 

8 

1 

•> 


3 


Protemuna 

Oliguna 

Diminution of chlonde excretion 
Diminution of urea excretion 

Hicmaturia if the nse in venous pressure is sufficient 
Decreased renal blood flow 
Increase m the filtration fraction 
Louenng of the glomerular filtration rate 
Protemuna of course occurs by defimtion 

Tins h., beCT noted tatote (3" 

protemuna This has been noted occurrence of 

postural protemuna (16, 38) o be a regular feature of 
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4 Dimmuhon in urea excretion Section VII demonstrates loncred 
urea clearances accompanying the protemnna This has been noted 
previously (16, 56) 

5 Homatuna Section VI demonstrates that there is an increased 
passage of erythrocytes m the urine and that this parallels the 
degree of proteinuria Rytand (55) also found an increase m the 
numbers of red cells in the unne of 5 patients during the phase of 
proteinuria 

6 The renal blood flow Section VII show s that there is a decrease in 
the effective renal plasma flowr accompanying the protcimirm 

7 The filtration fraction Section VII demonstrates that there is a 
rise in the filtration fraction accompanying the protemiina 

8 The glomei vlar filtration rate Section VII demonstrates that there 
IS a fall in glomerular filtration rate accompanying the proteinuria 
This change has been noted before and shoivn to he a oharaofconsfcic 
feature of postural proteinuria (41) 

Therefore, the renal dynamics in postural proteinuria are consistent 
with the hypothesis that the proteinuria is due to an increase in venous 
pressure 


Possible causes of increased venous pressure 

Three possible mechanisms might give nse to mereased pressure m 
the renal veins 

1 A general increase in venous pressure 

2 The renal vems may be compressed unilaterally or bilaterally 

3 The mferior vena cava may be compressed 

1 A general inciease in venous piessure This possibility can 
out immediately because there is no distension of the veins o le 
other evidence of congestive cardiac failure in postural proteinun 

2 Compression of the renal veins 

a leftrmam,nc<mpremon Keltog (36) snyerted « 

of the lettienelvem turner metenteno-j^y 

poeteiol protemnna Tins nould jlio erect posture 

proteinuria in some mdmduals and why causinc visceroptosis, 

does so even more effectively The erect ^ “™l™enc srlerj 

vonld close the an^e between the L) nho cathetensed the 

Support for Kellmg’s suggestion came fr ^irctcr contained 

ureters of 6 subjects and found that the unne fr ® One of hiR 

no protem while on the left there was anun 
subjects had bilateral anuria Rieser and Rieser (o^ij 
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application of an abdominal binder, correcting visceroptosis, prevented the 
proteinuria and this "was taken as further evidence favouring the theory 
that the “ aortamesentenc pincers ” obstructed the left renal vein The 
present study con&rms Rieser and Eieser’s facts (Section 11) Finally, 
Rytand (53) showed radiologically that an increase in the size of the left 
kidney occurred during the period of proteinuria m two out of 5 subjects 
Tins suggested that it was distended by the mcrease m venous pressure 
on that side 

Hon ever, there are certain objections to this hypothesis of left venal 
\ein compression — 

(1) The protemuna may be bilateral Table 16 shows the results of 
uretenc catheterisation of subjects with postural proteinuria derived 
from the literature and from Section V111 


TABLE XVI 

Pnttin eonttnt of Ihf untie from the ngU and left hxdneys tn potlurdl protemuna 


1 

Author 1 

j Proteus in the unne 

cases 1 Bight kidney 

Left kidney 

Sonne (58) 


Anuiia 

Anuna 

Boer (9) 1 2 ' 0 

• 1 

+ 

Prince (51) 1 i 

' 1 I 

-L 

Trace 

TlieobaM (0^) , 4 , . J 

■ 1 

! -u 

» 

Ekehom (15) ] 

0 

Section Mil i , 

1 

ft 

1 


» 11 It™ T "‘r « 

l.rat«n»m nght aded 

(2) The renal functions are altered to a 

expected from a unilateml disturbance SeS^VIT^Si'' 
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(3) The foot-to-tongue circulation time is prolonged (Section IX) 
This cannot be explained by a renal vein meohanism and suggests 
inferior vena cava compression 

(4) The pressure in the infenor vena cava is raised (Section X) 

Because of these facts, the left renal vein hypothesis does not explain 
the whole picture 

b Dovble renal vein compression There is no obvious explanation 
on an anatomical basis to explam why tlie application of a binder to the 
abdomen should prevent compression of the right renal vein This vein 
takes a short and direct course from the inferior vena cava to the kidney 
and is not enclosed in a pmcer as is the left A neural reflex from the loft 
kidney to the right in response -to the left sided venous distension might be 
postulated but is diflScult to prove However, this h 3 rpothesis can also bo 
excluded on the basis of the prolonged foot-to-tongue circulation time and 
the raised pressure m the mfenor vena cava 

3 Inferior vena cava compression Jehle (33) suggested that the upper 
lumbar spme m lordosis kmked and compressed the upper part of the inferior 
vena cava This explains very well the fact that lordosis causes proteinuria 
and overcomes the objections to the renal vein hypothesis The erect 
posture favours lordosis and this explains why it can induce proteinuria 
It does not explam, however, why the protemuria in the erect posture is 
greater than m the recumbent lordotic posture (Section II) nor vhy the 
application of a bmder to the abdomen abolishes the proteinuna 

All the facts are best explained on the basis of a new hypothesis uluch 
will now be presented 


The liver and infenor vena cava hypothesis of postural proteinuria 

It IS suggested that the mechanism of postural protemuria is as follows 
When the subject is in a kyphotic posture, the distance beta con he 
diaphragmatic openmg of the inferior vena cava and its 
of the cLmon iliac vems is least and the infenor vena cava is rc a ivoly lax 
If the subject IS now placed m a lordotic posture the 
the part behind the hver is brought into dose ^ 

Now the upper end of the inferior vena cava is surroun 
degree by liver substance (Section XI) and any totat j of 
the axis of Its area of fixation to the postenox 

tend to rotate the infenor vena cava with it and co P depend 

spme The degree of rotation a^d the exten o comp 

on its relation and degree of fixation to because its antenor 

rotation of the liver may occur m xecumben favour this 

aspect IS less fixed than its postenor, but lies m front of the 

rotation much more because the hver’s centre of gravity hca 
centre of rotation Tins hypothesis is illustrated in g 
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Fig 7o The relation* of the li\er infenor vena cava and spme m an erect sh^tly kyphotic 
posture 

b The relations of the liver inferior vena cava and spine in the erect lordotic posttne 


ThiB hypothesis explains why lordosis is necessary for the production 
of protcinunft and why erect lordosis is more effective than recumbent 
lordosis It explains bilateral proteinuria and the considerable lowering 
of renal function that can occur The fact that one kidney may secrete more 
protein than the other is cxplamed by local differences of venous return from 
the two sides such as might he caused by the " aortamesentenc pmcers ” 

Tlic hypothesis also explains the mcreased pressure m the infenor vena 
ca\ a, the increased foot-to-tongue circulation time and the re^onse to the 
application of an abdominal binder If the binder supports and elevates 
the h\ er, preventing its inferior rotation protemuna will not result even m 
the erect lordotic posture, but, if it catches the lower end of the liver and 
rotates it infenorly it may increase the protemuna In Case 175 m Section n 
the liver was probably caught under the binder The great anatomical 
variations in the relations of the infenor vena cava to the hver explam why 
subjects respond to posture vnth varying degrees of protemuna 

Immobility in lordosis is more effective in mduemg protemuna than is 
lordosis witli movement (32) because it is not possible to mamtarn 
contimiouslv the same degree of lordosis when movmg 

rimhor evidence favounng this hypothesis was obtamed m Section Xn 
1)V stiidv of patients whose livers could be artificially rotated Tt reifiiln 
noted that these subjects were postural protemuncs m that .S. 

Mere iicccssarv for the production of protemuna In somp ppo ^ 
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roiation ot the liver entirely removed it 

tongue circulation tune occurred as T 

protemuncs These cases, thereto only differed Posturnl 

protemunos m h»™g that ciuld’ba ott^r' 

fcrthe^st;T;‘x“r“:2rbk^^ rr™? 

n>memolder people oraohangemthe^LtfofgrirthofH 

a"!orrrphtr" “> «'» 


Summary and Conclusions 


1 A survey of past work on postural proteinuria reveals oonsidcrnliJe 
difference of opmion regarding the incidence and pathcgrercf fll 

conation The hypotheses advanced to explain the proteinLa Jiaio been 
divided into the foffowmg groups — 


a The suggestion that there is an abnormality of the blood 

b The presumption that there are congenital or acquired lesions of tbe 
kidney and particularly of the glomeruh 

c Presumed vasomotor instability or alteration in arterial cjroulatjon 
to tbe kidney 


d A presumed disturbance of the venous return from the kidney 


2 Investigations designed to throw light on those hypothcEcs and on 
the incidence of the condition have been presented and reveal •— 

a Postural proteinuria can be mduced in approximately threc-fourtJjs 
of youths, one-third of young men and one-tenth of old men 

6 Postural proteinuna is maximal in erect lordosis but can bo induced 
in some subjects in recumbent lordosis It does not occur in 
recumbent or erect kyphosis Tbe apphcation of a firm abdominal 
binder usually prevents or dimimshes the proteinuria induced by 
the lordotic posture 

c There is no significant difference between postural proteinuric and 
non-protemuxic subjects m respect of resting blood pressure or 
changes m blood pressure m rei^onse to posture or the cold pressor 
test 

d Postural proteinuria is not correlated with body build 

e Subjects with and without postural protemuna show no difference 
m the incidence of past disease and none of the physical signs that 
charaotense nephntis accompany the protemuna Follow up study 
reveals no tendency for postural proteinunc subjects to dcvcioji 
patent nephntis or other renal disease 
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/ Postural proteinuna is accompaued by an increase m the output 
of all formed elements m the unne 

g Clearance studies reveal a very charactenstic pattern of renal 
djTiamics Accompanying the protemuna there is a fall in effective 
renal blood flow and glomerular filtration rate and a nse in the 
filtration fraction 

h Protein can be found in the unne from both kidneys 
1 A delay in foot-to-tongue circulation time was found m subjects 
\nth postural proteinuna in stnct association with the protemuna 
j The pressure in the infenor vena cava is higher in the erect lordotic 
than in the erect kyphotic posture and the nse in pressure is greatest 
in subjects inth postural proteinuna 
/ Considerable lanation in the relations of the infenor vena cava 
to the hver were demonstrated 

I Proteinuna was induced in subjects with large, easily palpable 
livers by rotating the hver infenorly 

3 In view of these findings, current hypotheses are madeqnate to 
evplain postural protemuna It is suggested that the mechanism is as 
follow B — 


A nse in pressure m the infenor vena cava is produced by compression 
of the vessel against the spine by the postenor surface of the hver and this 
pressure is conducted back to the kidney inducmg passive congestion and 
protemuna The compression only occurs when the subject is m a lordotic 
posture and when the antenor surface of the hver rotates infenorly This 
rotation of the liver normallv occurs when the subject is lordotic and is 
maximal m the erect lordotic posture 

nntl not ly^low it ns was Rupecsted Tho condu.sio“ttet^s,^on* of opwung 

postiim combino to produce tho offcct romams unaltorei of the Iivor and a lordotic 


(I) 

(21 

(11 

(S) 

(fll 

( 1 ) 

(S) 

(•>) 

m 

(II) 

(l.’l 

( 11 ) 

(H) 

(11) 

Uw 

(IT) 


Au-mr Jolms Hopk Hosp Bull 1941, 68 
AnstsTnoNO PrcK Rot Soc Med , 1911 nied" Sect ) 12? 
lltR-tcn Anh intern Med 1910 5 SS**' 

IlAnAcn Atner T med Sci 1920 159 39 S 
llAsiironn Prnrtitionpr 1936 135 *>7® 

Hass M,s( Clin N \mi.r 1921 4. "1595 

Bass Asn \\ r-ssu n Arch intern Med 1913 17 jos 

Hi I «jt rnrt.i_ S, m#iotioue des V 

Hi I It 1 Mt Sinni Hosp 1037 g 193 ' laason ot Cie Pans p 394 1841 

Ht u. Po tiirol Protemuna 1940 Thn^n, n 
lovWM BioH^hem I 1933 27 430 ^ Unu emit of Cape Town 

n»tr\ lirol cutnn Re\^ 1942 46 I3 

1335 edited bj Berg.imd 



108 


Q M BULL 


(18) Fishbb®o “ Hypertension and Ncphntjs ” Boilhcro, Tindall and Cot, Edmliurch awl 
London, 1939, 4th ed ^ 


(19) Fisher “ Statistical methods for research viorkcrs,” 1041, 8th ed Olucr and Uojd 

(20) FoX, Woods, Feet and Foa Arch intern Med , 1942, 69, 822 

(21) Fox Lancet, 1906, ii, 497 

(22) Fox Ibtd , 1921, i, 116 

(23) Qou>bino and Chasis “ Hypertension and hypcrtensiTC disease,” 1944 Hio 

Commonwealth Fund, New York 

(24) Hamttj, and Bdaoeean Amer J Dis Child, 1911, 1, 139 
(26) Habbison Lancet, 1921, u, 991 

(26) Hbionbhandt Amer J Physiol , 1932, 101, 367 

(27) Hedlebrandt, Broodon and Kelso Ibtd , 1932, 101, 306 

(28) Hines and Bbo\vn Amer Heart J , 1936, 11, 1 

(29) Hooker Arch intern, Med , 1910, 5, 491 

(30) Hooker Amer J Physiol , 1910, 27, 24 

(31) Hooker, Hboeman and Zartman Amer J Physiol , 1908, 23, Scot Proiecdmgi, p M 

(32) Jeanebret Arch Med Enf , 1916, 18, 461 

(33) Jebxjs Brgebn inn Med Kinderheilk, 1913, 12, 808 

(34) Kagan J dm Invest , 1938, 17, 369 

(35) Keluno Zbl inn Med , 1919, 40, 313 

(36) Lee Med Clin N Amer , 1920 3, 1069 

(37) Linder, Ldndsoaard and van Slykb J e\p Med , 1924, 30, 887 

(38) Loeb Deutsch Arch f Klin Med , 1906, 83, 462 

(39) Ludwig Lehrbuch d Physiol , 1861, 2nd ed , 1, 373 

(40) Mason and Erickson Amer J mod Sci , 1918, 156, 643 

(41) Medes and Neemes ” The kidney m health ond disease,” 1936 Edited bj llcrgliiud 

and Medes, Lea and Febiger, Philadelphia, page 462 


(42) 

(43) 

(44) 
(46) 

(46) 

(47) 

(48) 

(49) 
(60) 
(61) 
(62) 

(63) 

(64) 
( 66 ) 
(66) 

(67) 

( 68 ) 

(69) 
(60) 
(61) 
(62) 

(63) 

(64) 
( 66 ) 
( 66 ) 

(67) 

( 68 ) 
(89) 

(70) 


and WiNKtER J clin Invest , 1938, 17, 31 
Moor Bnt med J , 1921, i, 671 
Nassau Z Kim Med , 1917. 84, 101 

Newman, Gilman and Phujbs Johns Hopk Hosp Bull , 1946, 70, -29 

Nicholson Practitioner, 1914, 08, 113 

Paiacer j Amer med Ass , 1931, 96, 1669 

PoBGBS AND Pribram Deutsoh Arch f Khn Med , 1907, 90, 367 

Posner Virchow's Arch , 1880, 79, 311 

Post and Thomas J Amer med Ass , 1923, 80, 293 

PiuNCE J Urol , 1943, 50, 608 

Bieser and Riesbr j Amer med Ass , 1922. 78, 644 
Bussell Quart J Med , 1923, 16, 73 
Bussell Lancet, 1926, 209, 683 
Bytand Arch intern Med , 1937, 89, 848 and 837 
SOHLUTZ AND SwANSON J Amer med Am, 1926, 87. 1193 
Smith, Finkelstbin and Smith J biol Chem , 1940, 135, 

Sonne Z khn Med, 1921,90, 1 m ook 

Stbinitz and TdRKAND J clin Invest , 1940, 19, 286 

Stirlino Lancet, 1887, li, 1167 qn.mdcrs Philailolpliia, 1976 

Stone “ Bright’s disease and arterial hypertension, 

Theobald Lancet, 1930, i, 904 and 1116 

Theobald Ibtd , 1931, li, 948 100, a iRoe 

Thorb and IVakbfield Ann intern 

Warren and Stead Arch intern Med , 1944, 73, 138 

WiNTON J Physiol , 1931, 72, 49 

Wolman Amer J med Sci , 1944, 208, 767 

WOLMAN Ibtd , 1946, 210, 86 

Weight and Boss Lancet, 1905, u, 1164 

Young. Haines and Prince Mdit Surg . 1943. 92, 363 



DE&OXYCORTICOSTERONE-LIKE ACTIVITY INDUCED 
BY ADRBNOCORTICOTROPHIN IN MAN 

By E T G PRUNTY * P H EORSHAM and G W THORN 
[From the De-partmerd of Medicine, Harvard Medical School, the Medical 
Chine, Peter Beni Brigham Hospital, Boston, USA, and the Department 
of Chemical Pathology, St Thomas's Hospital Medical School, London ) 


E\^ 1 F^CE for increased activity of all the known innctions of the human 
adrenal cortcK in response to stimnlation by adrenocorticotrophin was 
presented by Tliom and his coUeagnes in 1947 (33) In consideiing the 
control of the secretion of the adrenal cortex by the anterior pitmtaiy gland s 
it has become apparent that there may he species differences in the nature 
of the response to anterior pituitary stimulation It is probably possible 
from unno analysis to obtam a fair idea of “ ll-oxysteroid ” activity of the 
adrenal cortex and n more accurate one of androgemo activity from the 
excretion of the neutral IT-hetosteroids, approximately two-thirds of the 
latter being normaUy denved from the adrenal cortex On the other hand 
this 18 not true of those hormones showing desoxycorticosterone-hke effects' 
Minch art confined to regulation of electrolyte metabolism (32) Eor this 
reason ,t has become important, m assessmg the degree of such activity of 
the adrenal cortex produced by adrenocorticotrophin, to study careMv 
cMdcncc of change in electrolj^ metabohsm Consideration of this pha^ 
f actinti forms the subject of the present commumcation A detailed 
nnc«t,gnt.on of other phases of adrenal cortical activity under the mfluence 
of ailrcnocorticotrophm is fully reported m a separate paper (14) 


Me/ftods 

I nnc specimens Mere collected at 12-hourlv mfoi-irnic „ j 


slate 


„„ the „t *h da, m th, f«b„g 
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Stool specimens were collected m tlirce-day periods and stored m tlio 
refrigerator Uniform samplmg for analysis was aided by the nso of a 
Warmg blender 

Diet samples for analysis were obtamed by setting aside abquots of 
the daily rations 

Tho following mothoda of analysis were used — 

Sodium m serum, urme and diet, Ckmsolazio and Dill (4) , 

Potassium, Consolazio and Talbott (6) , 

Chloride in serum and urme, Schales and Schales (29), with the precautions advised b} 
i^er, Schales and Schales (1) , 

Phosphate m urme, Fiske and Subbarrow (13), 

Carbon dioxide combining power of plasma, Potors and Van Sbko (37) , 

Total nitrogen m serum and urme by the micro Kjeldahl modification of Kojs (19) , 
Total mtrogen in stools and diet by a modification of tho macro Kjoldahl method duo to 
Van Slyke (34) , 

Non protem nitrogen m blood by a modification of tho method of Daly (7) 

The patient (M R ) considered in the present study, was a 4fi-ycai old 
male suffermg from a mild degree of hypopituitansm (14) Ho had been 
given, one year previously, X-ray therapy to a chromophobe adenoma of 
the anterior pituitary which had produced some reduction of jntmtan 
fimotion with shght secondary reduction of adreno-coitical function This 
patient was chosen as a subject with the expectation that ho uoiild show 
the increase in adrenal cortical activity m response to 

adrenocorticotrophin 

He was mamtamed in a metaboUsm ward with thermostatic tcmjicraturc 
control during the month of February, and was given a constant diet rich 
m cereals, fruit and imik with 1 6 g of added salt per diem The diet jiro- 
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Results 


(a) Changes in serum composition 

The data on changes in serum composition are given in Table I All 
constituents showed an imtial decrease associated with sudden hromodilution 
Tliereafter sodium and carbon dioxide combming power increased, wherens 
potassium and chloride remained at a constant level 


(6) Changes in Chloride and sodium balances 


Tlie fluctuations in chlonde balance are depicted in Pig 1 m ivlncb 
th e sodium balance is also represented The fiscal chloride excretion remained 
constant at 6 miUiequivalents per three-day penod 

From the chlonde balance was calculated the sodium balance Assuming 
that chloride did not enter the cells to an appreciable extent tlie “ calculated 
sodium balance ” should represent the sodium theoretically retained in 
extracellular flmd (8) The ratio of sodium chlonde in the extracellular 
fluid was determined (Table II) from the calculated concentration of 
extracellular sodium and chlonde, using the Dorman factors of 1 04 for the 
ratio of serum sodium to extracellular flmd sodium and 0 97 for serum chloride 
to extracellular flmd chloride (16) The observed changes in chloride balance 
were multiplied by these ratios and hence the calculated sodium balsnco 
obtamed 


Fig 1 shows that durmg the first penod of administration of 
adrenocorticotrophm there was a very large retention of sodiuin and cldonilc, 
the former exceedmg the calculated amount by 44 milhequivalents Dunng 
the second three-day penod the observed sodium retention uas less than that 
calculated by 24 milheqmvalents At this time the three-day output of 
sodium was only 6 milheqmvalents, and renal retention was lerc 
a maximum Chlonde retention was not, however, , 

“ after period ” sodium was lost m excess of calculated sodium 
of 87 milheqmvalents 


(c) Potassium balance 

Dunng tie tot three days of adrenocortieotrophin 
compared mth the control penod. there um a 
nnlheqmralents Tins drm^hed to 0 

sequent three days In the after control pe , ^ dunng the aholc 
retomed. leavmg a net deficit of 61 nulheqmralents dunng 

expenment (Fig 2) 

(rf) Fluid balance 

Dunng the control penod the flmd intake was 
the admimstration of adr^ocorticotrophm 1, ^J^J^^ns m intake «cre 
“ after control penod ” 2,600 ml per d y 
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1 iR 2 TJio potiLssium nnd nitrogen balances and nnne inorganic phosphorus excretion 
dotations os m Tig 1 


tnlvcn into account in assessing the balance (Fig 3), but insensible and 
f weal \\ aler losses were assumed to be constant (24) Tlere is fair agreement 
belli cen oicrall nater gam and loss, and ireight vamtion Dnrmg the 
first thrco-da\ period of adrenocorticotrophin administration there was a 
rtlontion of liOJO ml of iiater, and 775 ml during the second three-day 
period In the " after control period ” 2,966 ml of water were lost, repre- 
seulnig a net deficit of 1,160 ml of water 


In the loner part of Fig 3 are depicted the changes in extracellular 
fluid lolume calculated from the chloride balance In the first three-day 
pi nod of adrcnocorticotrophm adnurastration chlonde retention amounted 
to 10', nulhequnalents (Fig 1) and extracellular flmd concentration was 
114 »mn,eq«uaknls (Table II) Tlie chlonde retention indicated the 
«\pni«ion of o\trnccllnlar fluid volume to be 922 ml Observed water 
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retention was 1,040 ml and hence this water was almost completely retamed 
in the extracellular fluid compartment Similarly durmg the second 
thrcc-day period of adrenocorticotrophm administration the 776 ml of 
rctamcd fluid were kept m the extracellular fluid compartment and an 
additional 815 ml transfeired to it from the mtracellnlar fluid In the 
“ after control penod ” the extracellular flmd contnbnted 966 ml > to the 
2,0G6 ml lost and the mtracellular fluid 2,010 ml 

Tlie effect of adrenooorticotrophm therefore was initially to expand the 
extracellular volume by one htre by water retention Subsequently it was 
still further increased by one-and-a-half htres by both water retention and 
transfer of intracellular u ater After stoppmg the adrenocorticotroplun the 
net change was a transfer of seven-tenths of a htre of mtracellnlar water to 
extracellular flmd and a further loss of two litres of mtracellular water 
It M ill be noted the changes in extracellular fluid volume followed those m 
tlic hromatoent 

(c) InlracelUtlar changes 

The data presented lend themselves to a computation of the order of 
magnitude of the corresponding intracellular fluctuations The calculated 
changes arc tabulated in Table in It was assumed that the subject 
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over the calciilated retention on the other hand, represents intracellular 
decrease In a 'similar way potassium excretion (Fig 2) represents 
intracellular potassium loss and potassium retention intracellular gam 
The figures for change in intracellular water are calculated from the balance 
depicted in Fig 3 in computmg the intracellular potassium cliangcs 
allowance was made for alterations of total potassium m the extracellular 
compartment due to fLuctuations m the volume of the latter 

Durmg the first three days of adrenocorticotrophm odnumstration there 
was 10% increase of mtraoellular sodium, and 4% decrease of potassium 
During ^e second three days the muscle sodium increased no further, duo 
doubtless to the fact that maximum sodium retention was already tahmg 
place (Fig 1) and potassium loss increased shghtly, noth the small loss of 
intracellular flmd already noted In the “ after control period ” the sodium 
loss exceeded the previous retention, the net overall loss amounting to 14% 
About half the potassium was recovered, but the net change of sodium plus 
potassium was a decrease of 4% from tlie ongmal Simultaneously a large 
intracellular water loss occurred 


Dtscmsion 

Derivation of changes in the composition of extracellular and intra- 
cellular fluids from balance experiments involves the assumption that 
chloride remams entirely extracellular in its distribution This assumption 
18 , so far as present evidence goes, a vahd one, although smaU amounts of 
chloride may cross the cell membrane (8), (36) 

Sodium on the other hand difiuses from one compartment to the other 
and hence, given the extraceUular fluid concentrations of these ions and 
their balance, shifts of sodium may be calculated 

Potassium is pnmanly intraceUular but d^usion may readily occiir 
The question of potassium loss associated inth protein 
consideration Nitrogen, potassium, and phosphorus 
in definite proportions, and catabohsm of ^otop asm ^ breakdown 
these substances in their relative proportions ( ) , a‘^soc\atc(l 

associated with adrenal cortical steroid Lthors’ oun 

with gluconeogenesis and hepatic glycogen for nnnntitivelv creator 

observations have suggested that the latter Vrooes^^^ 
than the former Further, the formation of a 

glycogen has been induced m the patient under i/nssociated ujth 

of adrenocorticotrophm ^ ^riaVa show that m this ca<=c 

mtraeellular potassium uptake (28) xlie a \ b , t jj mtrogen 

the exereton of potas^m and a n 

exoretton n-aa atdl low Therefore a renal 2c), rJaerfe 

eatabohocfteetwonldaeconnt better for UieobKi^hai^ge I 

those prodnoed by desoxyeorfeostoone „„*r Me 

evidence (14) that potassium excretion of similar „ 
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conditions, can occur in the normal individual m the absence of a negative 
nitrogen balance Hence m these circumstances loss of potassium due to 
breakdown of protem has been neglected 

Analysis of changes m serum electrolytes (Table I) demonstrates that 
there is a nse in the lomc strength of the extracellular compartment towards 
the end of adrenocorticotrophm administration and m the “ after control 
period ” Hus nas mamly due to mcreases of sodium and of carbon dioxide 
combming power, a change noted to take place m some cases of Cushings’ 
syndrome (23), (3) 

Tiic adrenocorticotrophm used m this experiment contamed 0 12 umts 
0x3^0x10 activity per mg and hence the patient received a total of 4 8 umts 
per dicm The possible role of the small pitmtnn contammant was controlled 
in the patient at a later time, after sodium and chloride retention had been 


produced by a smaller dose of the same adrenocorticotroplun (2 6 mg , 
0 liourl} for 3 days) Following this penod, 1 umt of pitmtnn was given 
0 Iiourl} for 3 days, that is nearly four times the contammating pitmtnn 
jircsent in the adrenocorticotrophm In the pitmtnn penod, compared with 
the adrenocorticotrophm penod, there was a marked rebound nse m sodium 
and chlondc excretion The authors have confirmed this lack of pitmtnn 
effect compared inth that of adrenocorticotrophm m a normal subject and m 
addition obsen ed that a patient with Addison’s disease showed no evidence 
of fluid, sodium or chlonde retention when given this adrenocorticotrophm 
(14) These obsen ations are m agreement also with the small changes 
obsen ed in a normal subject receiving 20 umts of pitmtnn per day (30) 
Hence, althoi^h it is still possible that this postenor pituitary contammation 
may Imio had a part m the production of the water retention observed the 
distnhution of the nater retamed would appear to be a function of the 

Tk°ch To , r adrenocorticotrophm 

Hic hkclj sequence of events is probably as follows The hormone 

ndnumstration proi oked v atcr, sodium and chlonde retention by the hidnev 

mtrnccllular coraiiartment T1 o between the extracellular and 

10 mdmdlu stT ! 

expense of intracellular fluid He also nh<s at the 

cellular fluid lolunic and ionic cmcentmh ' k “a^itenance of extra- 
tl.- cell, „..l. „ 

( omlitions to those under disciissjon there 7 1 ^ under similar 
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rather than the excretion of extracellular sodium and i ^ 
osmotic balance It would appear therefor that thn f ^ ^ 
readjustment to basal conditions in our patient uas rnamlf 
oh^ges .n the eelle secondaty to 

m accord with the findmgs of others (10), (16) ^ ^ 

In om expenment mtracellular water loss exceeded decrease of lon.o 
concentration This has often been noted to occur (S) and nbihtv tn aPn 
tlie ^motic actmty of mtraceUular compounds must be posfculafed (0) 

The magmtude of the observed increase of intracellular sodium under 
^e influence of adr^ocortiootrophin may be compared uith the data of 
Darrow and lliUer (9) m rats These authors employed relatively enormous 
doses of desoxycorticosterone and produced alterations about four times ns 
great as those observed here, but otherwise sinular Expressed m milhmols 
the potassium loss was about twice the sodium gam m each case Tl\c 
magmtude of this change is further emphasised by companson uitli cliangcs 
of similar size, but in the opposite sense after total adrenalectomy Tims 
Conway and Hmgerty (6) observed, five days after adrenalectomy, a decrease 
of sodium of 3 milhmols and a potassium mcrease of 8 millimols iicr 100 g 
muscle sohds * 


It may be concluded then that admimstration of a preparation of 
adrenocorticotrophm m the human can produce an effect similar to knouii 
actions of desoxycorticosterone (31), (32) These changes are (a) water 
retention which is mamly extracellular , (6) sodium and chlondo retention, 
accompamed by mcrease of mtracellular sodium, and nse of extracellular 
sodium concentration and carbon dioxide combining power , (c) intmccliulaT 
loss of potassium which m this case was probably nummiscd by a concurrent 
glycogen deposition 


This effect on electrolytes should be contrasted with the effects of 
“ il-17-oxy-8teroid8 ” which promote excretion of both sodium and 
potassium and those of androgemo adrenal hormones which promote a slon 
retention of both of these cations (14) 

The conclusions drawn from the expenment in man discussed aho\e 
are at vanance with results derived from observations in the rat There 


is strong evidence to suggest that the response of the rat adrenal cortex 
to the pitmtary is sigmficantly different It has been found that 
hjipophysectomy leads to adrenal atrophy, which affects pnmanly the 
zona fasciculata, and apparently althongh ketosteroids disappear from the 
fascicnlata they persist in the glomerulosa (12) Using the same preparation 
of adrenocorticotrophm as that employed by the authors, Deane and 
Bergner (11) obtamed histochemical evidence of increased production of 
ketosterqids m the fasciculata, but not the glomerulosa Tlie gloracruloia 
was thought to produce desoxycorticosterone-hke hormones Further, 
Ingle and lus colleagues (18) have observed, usmg Evans’ preparation of 
adrenocorticotrophm, that m the rat there is a slight tendenej to sodium 
and chlonde loss rather tlian retention In penods of short duration (four 
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hours) the authors have observed similar -salt diuresis in man (14) This 
may he due to predominant “ ll-oxysteroid ” activity dunng this time 
In the rat it wodd also seem that this type of activity predommates, the 
secondary role of the desoxycorticosterone-like activity being in accord 
mth the well-kno\m fact that the adienalectomised rat can be mamtamed 
on salt with relative ease, as contrasted with the human with Addison’s 
disease or after bilateral adrenalectomy (17) 

Alason and his co-workers (21) using Evans’ preparation of adrenocorti- 
cotroplim, were unable to demonstrate sodium and chloride retention m 
man Although the adrenocortiootrophic activity of our matenal assayed 
m hj'pophyscctomised rats is similar to that of Evans, the two preparations 
are not identical, being obtamed by different methods of preparation from 
the pig and sheep respectively Furthermore the preparation of Evans is an 
electrophoretic entity, whereas our preparation exhibited two components 
(20) More important than differences in the properties of adrenocortico- 
trophm preparation used however, is probably choice of subject In the 
present experiment the subject was dehberately chosen m the hope that the 
maximum effects of adrenocorticotroplun would be observed 

It has been suggested that m man anterior pituitary insufficiency is 
cUmcally associated with greater manifestations of hypoglycffimia than of 
deficient electrolyte metabolism, whereas the reverse is true of Addison’s 
disease In the former state adrenal cortical deficiency is a secondarv 
atrophy, uWeas in the latter it is primary and the whole cortex is ususUv 
imolved However, more careful mvesbgation is yielding information 
that in hypopituitansm salt metabolism is impaired (25) In our patient 

^as strongly positive The observations 
dLi ^ f (23) also tend to indicate that stimulation of 

actmJj mcreased pituitary 


- ^ven 40 m, 

an increase of mtracelluJw'Smm”'^^ chlonde were retamed, wit] 

eellullr jSaSiu'm -^«i a decrease of mf.a 

]*onodaft“^^^ was mcreased and mamtamed for s 

^ the hormone at the expense of mtraceUuIar flmd 

stimulate w able to 

faiourable circumstances ^ adrenal cortex under 
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6 The significance of these findings is discussed, and a prohablo 
species difference between the rat and man is mdicated 
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diagnosis of STEATORHHCEA 
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AOT>L J WITTS 

<rrm m Dcparlmml of B,oct«oMs »ni «« Dop«Mo«t of 

Chnxcal Medicine, The RaMip Infirmary, Oxford) 

I 

Fat excretion m disease must be considered nv relation to the norml 
nhVBioIogy of fecal fats Bloor has reviewed this subject recently (6) and 
oly certain points need be recalled here The quantatative study of fscal 
fa/excretion in the human subject began Carl Voits 
laboratory in Mumch For many years dunng the latter part of the last 
century Ins assistants uere engaged in investigatmg the ongm of f^al fats 
and measuring tlic utilization of dietary fat, as part of more general studi^ 
of the plij-siology of nutntion MhUer (19) demonstrated the contmued 
excretion of fats in the faeces of two professional fasters, Cetti and 
Brcitliaupt Subjects kept on a fat-free diet of meat showed a similar 
fat excretion (18) and Muller concluded that the normal fffical fat was not 
Bimp]} a food residue but u as to a great extent secreted by the intestme 
Riilincr (2/»), stiidjnng the utilization of fat taken in different forms and in 
different quantities, found thot mth intakes up to 214 g the daily output 
of ficcal fat did not lary greatlj', ranging from 2 6 to 8 2 g Only with 
higher intakes uas a large increase noted m the amount of fecal fat, but 
c\cn on a diet contaimng 361 g of butter daily, 87% of the ingested fat 
uas absorbed An exception was noted in the case of bacon fat (“ Speck ”), 
u hen an intake of 90 g resulted in a fecal output of 17 2 of fat daily Rubner 
had lo u«!o short (2-7 day) penods of study because the monotonous and 
nbnornin] diets lie used soon produced nausea, but he achieved accurate 
remits 1i\ \ cr\ jiaiiistaking separation of the fseces of the experimental penod 
In dciTuvrcnting the cxjienmental penod he made use of the fact that a 
nulk diet produces uliitc ficces, a meat diet black feces, so that he used one 
of flii«c diets to shoM the beginning and end of his experimental penods 
He found that uith moderate intakes, the amount of fat absorbed is 
indepondrnl of the txTic of fat the amount of roughage m the diet and the 
protein and cnrboliidrate intake, and, as may be seen hy comparing the 
fat outjuits found uith fnt-containmg and fat-free diets, dietary fat is almost 
comjilcteh iitilircd Hus is true of most naturally occurring food fats, but 
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fats -with a melting point above body temperature, such as mutton fat 
(m p 49° G) may not be completely utilized, and Arnschink (1) showed that 
stearm (mp 60° 0) is very poorly utihzed — only 9% was absorbed in t)io 
dog It has smee been found that, while the amount of fat excreted on 
fat-containing and fat-free diets is not greatly different, fat-contaimng 
diets do produce some increase m faecal bpids (30) especially with liigli fat 
mtakes (33), and even ,on fat-free diets more fat is excreted tlmn m 
starvation 

Although an endogenous ongm was accepted for the greater part of 
the faecal fats, their source remained controversial Desquamated epithchnin, 
bile, bactena and intestmal secretions were recogmsed as possible sources 
Burger and Oeter (7) found that there was not enough sterol in the intestinal 
mucosa to account for the amount in the faeces Sperry (28) confirmed this 


and also showed (27) that, after exoludmg bile from the intestme by means 
of a fistula, the faecal fats increased, though the ammals were on a fnt-freo 
diet Bacterial synthesis of faecal hpids has not been excluded Sperry 
and Angevine (29) thought it could not account for more than 40% of the 
faecal hpids 'hiey kept dogs vith ileal and colomc fistulas on a fat-free 
diet and estimated the fat excreted from the small and largo intestine 
separately They were able to deterimne that more hpids were excreted 
from the small mtestme than had previously been found m mtact animals’ 
faeces, while from the blind colomc stump they were able to collect less than 
one-lMth of the amount of the fat previously excreted in the fieces They 
concluded that hpid is secreted into the small mtestme , a largo part of this 
secretion is reabsorbed, apparently m the large mtestme The remainder, 
with a smaU amount secreted into the colon, makes up the greater part ol 


the endogenous hpid found m the faeces 

The composition of the normal faecal fats has also been studied Munk 
(20) found that the meltmg pomt of faecal fat varied according ^ 
lard (mp 36-37° C) or mutton (mp 50-63° C) was given With the lari 
the melting pomt of the faecal fat was 43-46° C, witli the less we ii i i^ci 
mutton It was nearer that of the food, 61-54° C In general, faical fat has a 
meltmg pomt 4-8° C higher than food fat (13) Sperry and Bloor (3^ 
found that while the quantity of faecal hpids was largely 
amount eaten the nature of the excreted fat was fa J were 

fat eaten, and resembled the blood fats, from whic e 
probably derived Up to 40% of the faecal f^ is unsapomfiablo (2C)^^^^d 
this fraction consists mainly of sterols (16) Tli®se are 7-^® ^ , 

60% coprosterol and the rest cholesterol (8) 

denved The meltmg point of coprosterol is high (94 6° C) to 
accounts for the high meltmg pomt of faecal fats mostly 

A high proportion of the sapomfiable fat occurs in P leadih m 

as soaps, partly as free fatty acids (26) Sphtting ° ^ hnase (21) 

fmces (si) and does not depend on the presence of pancreatic hpase (2i, 
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Tlie accurate investigation of “^jjatao^o/ obscure 

mild and recov enng cases of steatorrhoea and m ^ have to be 

aniomias Few such investigations have error of 

carried out over a relatively long period qf fame separating 

fxcal collection because of the diffic^ty, noted by 
off the ficces belonging to a given dietary penod ^ omy conv 
method of demarcatmg f®cal coUections m with mar 
or eharcoal These are not absorbed and eolour the fffiees, b ^ 
marker given bj mouth becomes distnbuted over <5^° ^ wvp 
^ es arc^mxed m the colon For this reason balance studies, in winch the 
output of a substance is compared with the intake over a given penod. ha^ 
to be earned out over a long penod. at least twelve days (22) i^less “ m 
the case of nitrogen balance studies, most of the substance is excreted m 
the unne and the error in fjecal estimations is neghpble m 
total excretion Most quantitative studies of fat absorption (9) (35) have 
been earned out over too short a penod to be accurate 

Rokers, Pack and Rhoads (24) studied two subjects over 48 and 70 
dais and found the daily f-ecal fat excretion to be 2 1 g m one snbjMt on 
an intake of 77 g daily, and 3 0 g m the other, on an intake of 60 g daily 
Fat excretion was studied by a 12-day balance techmque by Bassett and 
others (2) in idiopathic steatorrheea and by Black and others (6) m tropical 
sprue Tlvo present work consists of an appheafaon of a 12-day balance 
tccliiiiqiic to tlie study of fat excretion m 6 normal subjects, 4 patients with 
steatorrheea and 3 other patients In the normal subjects, and m some of 
the patients, faical nitrogen losses were also determmed 


JIethods 

Encli set of observations was made over a twelve-day balance penod, 
divided into three 4-doj jionods Except nhere otherwise noted, the diet 
contained 70 g of fat and 70 g of protem daily, as calculated from food 
tables (McCaiice and IViddowson, 1046) The calone value of the diet 
ranged from 2200 cal to 2500 cal in different subjects The higher mtake 
M as found to be not quite sufficient for the normal subjects who were doing 
a dav’s vork in the department, but patients in bed preferred the lower 
intake A 70 g fat intake n as chosen as sufficiently high to measure normal 
fat abcorjition but not so high as to upset patients with mild steatorrheea 
liic observations on the six normals were not made concurrently but on 
one or two subjects at a time 

Tlie balance techraquo was as follows Before the beginning of the 
12-<lav collection penod, the patient was given the balance diet for three 
<lnvs On the cv cning of tJie third day the patient swallowed a carmine 
marker (0 0 g ) and stools up to and including the appearance of the first 
marker were ihresrdcd At the time the first marker appeared the rectum 
was waslicd out, using about 500 ml of normal saline, and the result of the 
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washout was also discarded Tlift i 9 -«infT 4 . 1 

stool passed, and was made m tliree consecufiv« ° the ne\t 

to 4 days' dietary intake Stools were marked offTy 111 ^^ “"“■’““’"'S 

given at the end of eaeh d^iay period wwf th. 

stool the collection for that 4-day period was comnletpd m tlio 

of normal sahne In spite of thfuL rectal ^^a.hout 

ooUection was dependent on at least one dadyToXf "'l'"? 

eonstipation was noted dnrmg the prehmmary S-ciy p3 Vtal 
vegetable mnoilage (Isogel), 2-3 drains, was given daily ' 

were given since *arrh(ea may in itself afiSt fat absorpLn ^Bwtl 
washouts, suggested by Rekers, Abels and Rhoads (23), am 1 aS 
necessary for complete teeal eoUeetions m most norml peopirbat Z 
were done as a routine because we found they improved thJ accuraci of 
fKcal collection in patients with steatorrhcea, m whom rectal eraptwnfi 11 
often mcomplete Stools were transferred from bedpans to pomofam 
casseroles, in which the total 4-day collections were weighed and jni\od 
The transfer from the bedpans mvolved a smaU loss of fajces As the normal 
subjects did not use bedpans but used the casseroles for defmcation no siicli 
error was involved in the normal collections 


The fat was estimated gravimetncally after Soxhlet extraction nitli 
petrol^^ ether of an ahquot portion of the ivot fmees, prenously treated 
with HCl and dried with plaster of Pans , spht fat was estimated l)v 
titration wnth alcoholic NaOH (11) Soaps wore not separately estimated 
In calculatmg the weight of spht fat, a molecular weight of 268 was assumed 
for the mixed faecal fats (12) In some patients the spht fmcal fat vas found 
to be 100% or more of the total faecal fat, and it is clear that this asbumed 
value for the molecular weight of the faecal fats may occasionally ho too 
high Pwcal mtrogens were estimated by the Kjeldahl method 


Results 

Balances m normals 

The results of the faecal fat analyses in the six normal subjeetb gi\c a 
mean daily fat excretion of 2 88 g winch agrees with the results of jirci lous 
workers (Table I) Since the faecal fat may be an intestinal secretion and 
not unabsorbed dietary fat, the results have not been reported as a percentage 
of dietary fat An analysis of the 4-day fat excretions shows that tficsc arc 
variable, not only from subject to subject but for each subject There arc 
no significant differences between the subjects The standard deviation 
of the 4-day fat excretion is found to be 3 83 after eliminating differences 
between subjects Smee the mean is 11 54 g , the coefficient of \ariation 
is 33 % The cause of tins large variation in 4-day frocal fat figures is probahl} 
tw o-fold It partly reflects collection errors due to the difficulty of accurately 
demarcating faecal collection periods There may also be a true %ariation 
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TABLE I 

tnomaltuhiCcbionadaibjmlaUon^g fatandlOg prolan 


Subj^l 

11 eight of 
4-day 
colli’clion 
(g) 

Weight of 
dned 
fspcca 

(s) 

Fat asp^r 
centage of 
dned 
fieces 

Total 
fat as 
split fat 

/O 

Total mt 
excreted 
m 4 days 
(g) 

Daily 

liecal 

mtrogea 

(g) 

Fat 

nitrogen 

ratio 

B i 

497 

274 

BOS 

137 

XIO 

104 

58 

89 

12 3 

8S 

65 

64 

8-0 

98 

128 

1 8 

125 

13 

44 

78 

10 7 

Ra 

G15 

3S8 

102 

97 

14 3 

99 

1 

84 

14 6 
; 96 

16 

155 

i 91 

62 


650 

137 

83 

65 

113 ■ 

18 

63 

Fa 

nift 

77 5 

12 0 

77 

93 

14 1 

66 


176 

8 95 

67 

16 7 

25 

68 


305 i 

76 

93 

63 

71 

13 

5 5 

1 9 

370 

125 

ICO 

62 

20 0 

1C 

12 6 

1 317 

101 

17 7 

43 

17 9 

155 

115 


i 281 

56 6 

10 0 

47 

91 

0 78 

117 

Q9 


96 

112 

92 

10 7 

12 

89 

542 

95 

50 

77 

4 75 

18 

76 


t 623 

118 

112 

35 

13 2 

16 

82 

S9 

1 316 

71 

12 8 

68 

91 

16 

57 


112 

10 9 

77 

12 2 

1 8 

68 



169 

7 85 

43 

12 6 

1 22 

38 


Inal'/fvt offal crerclion fijura, to thota variation not due to dtffcreneee in the tubjeete 



Degrees of freedom 

Sum of Squaics 

Mean Square 

SD 

Siilijocts 

6 

70 75 

1415 


I rror 

12 

176 83 

14 65 

3 83 

Total 

17 

Xlenn 4 dox fat excretion = 11 54 

246 58 

14 5 

3 81 


Standard error of mean 4-dav fat excretion = 

II 

0 902 


Mnnclanl doiation of sum of any tLreo -l-day penods = 

3 81 y \'3 =6 53 

m f It excretion in nornnl subjects on a constant fat intake The vanation 
m the fat-nitrogen ratios m the 4-day penods could be explained in the 
httir XI ax, for collection errors xxouM affect fat and nitrogen excretion 
umil irh and the ratio might be expected to vary little if the true fat and 
nitn.^n cyretions xierc constant on the constant diet The practical 
loiuliiMon to be ilraxxn from the xnde vanation m 4-day fat collection^ S 
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that small differences m 4-day fat figures have to be mterpreted cautioiisK 
and small increases in fat excretion cannot he detected using a short balance 
penod With these reservations, the probable upper limit of normal for a 
single 4-day fat estimation may he taken as 23 g (mean + standard 
deviation X 3) for this senes of observations To detect small increases 
in fsecal fat excretion, the mean of several 4-day excretions may be compared 
vnth the mean normal excretion, assessing the sigmficance of the differonco 
of means by “ Student’s ” t test, or it may be more convement to use an 
estimate of the maximum normal fat excretion for three 4-day periods 
The present data give a probable upper hmit of 64 2 g of fat for 12 days 
(12-day mean plus 3 times its standard deviation), but it should bo noted 
that this small number of observations gives only an approximate estimate 
of the standard deviation and therefore an unrehable estimate of the normol 
limits With these data, the t test is a more rehable test of sigmlicanco 

The percentage of the total fat occurring as spht fat in these people 
vaned widely, from 35% to 92%, and it is clearly fallacious to regard a 
percentage sphttmg higher than 76% as abnormal (14) It should he 
remembered, however, that the stools were 4-day collections, and though 
they were stored in a refngerator dunng the collection penod some 
sphttmg might be expected to have gone on while they were stored (3) 

The fffical mtrogen (Table I) vaned between 3 12 g and 10 g for the 
4-day periods (mean 6 34, standard error of the mean 0 30, standard 
deviation 1 66) In subsequent tables the fsecal mtrogen excretions are 
expressed as mean daily excretions and for the normal subjects the range 
of the mean daily excretion was 0 8-2 2 g 


Halances tn ‘patienta with steatorrhosa 

The vanabihty of fat excretion in patients with steatorrhaia uns 
assessed in the same way as for the normals, using the observations on tlio 
effects of treatment which are reported below Nine 12-day balance periods 
£rom three patients were available for analysis (Table II) The fat intake 
of the patients vaned more than in the normals, by up to 20% of the mean 
intake for the 12-day penod, and for this vanation a correction has been 
made as shown in the table This correction introduces an error winch is 
probably negligible compared with the vanation in fat excretion foim 
The results of the analysis show that in patients, as m nori^w, * ^ 
coefficient of vanation of smgle 4-day fat excretions is about 30% ^ • 

so great a vanation, it is clear that when fat absorption m stcatorr icca 
IB investigated by the balance techmque, apparent changes m the amoun 
of fat excreted have to be interpreted with caution Tlie relative va uc o 
4-day and 12-day collection penods in the mvestigation of stea rr icca 
was studied in three patients (Table HI) Two had idiopathic stea rr (ca 
and one had tropical sprue 
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TABLE n 

Pahenlt tnlh ettalorrhaa 


Four-ihu fat excretion figures corrected for van^ions in fat tntale during 12-dag 

observation periods 


Fationt 

12-day 

penod 

Average daily 
fat mtake, 
g 

CJorrec 

ited d-day excretion 
figures* 
g 

A 

1 

60 

114 

93 

96 

(RI No 

03465/46) 

i 

2 

74 

107 

49 

50 


3 

67 

31 

1 

29 

F 

1 

62 

39 

1 

38 

33 

(R I No 




65 

52 

66031/47) 

2 

88 

39 


3 

85 

76 

92 

61 


4 

57 

35 

64 

40 

D 

1 

68 

37 

57 

83 

(RI ^o 






70561/47) 

2 

70 

C2 ' 

47 

47 


* Corrootod 4 dfij fat oxorotion = 


otRoned 4-da7 excretion X 


mean intake of three 4-day penode 
recorded mtake of the penod. 


Analgeis of tananee to shoio lanalion in 4-dag eoUections 


Dcprocs of 
freedom 

1 

Sum of 
squares 

3Ieaii 

square 

1 Standard 

^ deviation 

Sulijecli 

8 

8090 

1248 5 


Frror 

IS i 

5493 

1 

305 2 

17 47 

Total 

26 

15483 

595 5 



Mean 4-dag fat excretion, 68 06 


T}irt*n Fiit.joci* are not a homogeneous group as eras tho case with the normals 


Patient F nas a l.ouscwife of 41 tnth idiopathic steatorrhoea who had 
Miffered from anTm-a and attacks of diarrhcea since earlj adult life Her 

Merc ])ale and she tins losing weight 
Patient 1 ), aKo a -woman -with idiopathic stcatorrha.n woe „ u , 
<™*r „„o tal I, ad naWoncaLd iaotaa toroglryeai'tl 
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who had developed symptoms of osteomalacia and severe antemia dunn" 
the two years before admission 

Patient A was a monk of 76 who had done missionary work in Poona 
from 1930 to 1931, and then returned to this country He had had scioro 
symptoms of steatorrhoea for five mouths and had not responded to chctarv 
treatment He was regarded as an example of tropical sprue mtli a long 
penod of latency 


TABLE m 


Effect of treatment on fat abaorptton 


Patient 

1 

Date 

1 

Treatment 

! 

Mean 
daily fat 
intake, 

S 

4 day 

1 

fat excretions 

S 

Mean 
12-((n} fat 
absorption 

O' 

.0 

A 

30 11 40 

None 

SO 

102 

88 

... 

60 


12 12 40 

Polio acid 

68 

105 

— 

73 

01 


7 1 47 

Polio acid 

14: 

106 

60 

62 

77 


20 4 47 

Liver ond 
yeast 

07 

31 

60 

29 

85 


16 9 47 

Polic acid 
(6 montlis) 

70 

12 day e 

xcretioD 

60 4 g* 

03 

1 

F 1 

221 47 

None 

62 

38 

38 

33 

86 6 


1 3 47 

None 

88 

39 

06 

60 

86 6 


19 3 47 

Polic acid 

86 

77 

93 

00 

77 

1 

i 

3 8 47 

Polic acid 
(6 months) 

67 

38 

69 

30 

70 

D 

13 4 47 

None 

08 

38 

68 

78 

80 


7 9 47 

Polio acid 
(6 months) 

70 

02 

47 

47 

81 


* Four day demarcation of periods not possible owing to constipation 


After a prebmmary estimation of fat absorption without ^ ' 
fohe acid (Lederle “ Folvite ”, 20 mg daily) was given Pat 
was estimated again at intervals durmg treatment The two pa » 
idiopathic steatorrhoea showed no significant change in fa a 
five months’ treatment In the patient with tropical spr^ 
improved steadily with treatment (Table HI and Pig ) * trcatmciit 

absorption as estimated over three 4-day periods before to 12-(lav 

49 30/^ Unfortunately, a stool was lost dumg ® after 

five 4-day penods (not conscc i 


was 


penod As estimated over 
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beginning folic acid treatment the mean fat absorption iras 70 6% and the 
difference between the two means was significant Treatment with folio 
acid Mas interrupted m this patient and replaced for three months with 
li\ cr and yeast extract A further improvement m fat absorption apparently 
occurred from 77% to 86%, but the difference was not statistically 
significant With folic acid treatment for a further five months, fat 
excretion finally dropped to 56 4 g m 12 which is only slightly more 
than the iirobable normal maximum The very gradual change m fat 



!•«(? 


1 I-nt nl>vrplion dotermmed o\cr 
tropiml npnio tn -iloj with folic ocid 


Biicoessivo balanco periods 


m a xiatient with 


on tH= patafn 

In one piticnt (F) data Mere obtainTH”"^ 
intalvo on fat nbcorjition (Table III) In the fi change m fat 

mtako aicrnged 62 g daih and tlie ihe^ f ^ 12-day penod the fat 

("r^rr Lf . “‘“'I'*'™ 
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results recall sinular findings m sprue (4) and it appears that ivith moderate 
intakes the proportion of fat absorbed in steatorrhcea remains constant 
This may be because the stomach controls the rate at •which fat reaches the 
intestine ( 6 ), and ivith added amounts of fat, though the total amount of fat 
reaching the mtestme is mcreased, the rate at -which it is presented for 
absorption remams the same 

The results with 12-day balance periods -were fairly consistent m the 
patient -with tropical sprue there -was a steady improvement, in the two 
patients with idiopathic steatorrhcea fat absorption remained the same inth 
treatment and -with changes m diet In contrast, the results of 4 -day balances 
showed much variation and it is easy to see that results based on single 
4-day penods could lead to a false conclusion of deterioration or improi einent 
in fat absorption 


TABLE IV 

Fat excretion tn three patients with anatma 
Fat tntahe 70 g per day 


4 day fat oxcretions 
S 


T 

77 

38 0 

10 G 

BI No 66341 




T 

77 

88 

IGO 

(post splenectomy) 




Bo 

12 4 

13 2 

2G4 

R I No 38274 




Br 

1 

1 

32 0 1 

34 6 

304 

HI No 64534 

1 




The diagnosis of steatorrhcea 

Prolonged balance observations are not necessary for the detection of 
steatorrhcea when the absorption defect is gross In the present invcstiga ion 
the 4 -day figures for the patients "with steatorrhcea were consistent 3 a lov 
the upper bimts of normal (23 g ) in spite of the vanability 0 < a 

collections, and a diagnosis could be based on the shorter couec ion p 
For the detection of shght defects in fat absorption, the „ 

necessary This is illustrated m Table IV, sho-wing 12 -day a ’ 
results in tliree patients with obscure anaemias In aU of them ic * 


was 


xs in xiiree paxienxs wixu outsuuro 

corrected by transfusion before the observations vere eg 

mt T, a case of acquired haemolytic anaemia, a*!frnificantly 


patient ' 

before splenectomy was 21 7 g , range 7 7-38 g 


Tlie mean is signi 
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different from tbe normal mean of 11 5 g (p ( 02 by the i test) Fat 
excretion was ■within normal limits after splenectomy In patient Bo, a 
case of myxoedema -with megaloblastic ansemia not responding completely 
to liver therapy, the mean 4-day fat excretion -was 17 33 g (range 12 4-26 4 
g ) Fat excretion was probably abnormally high (for the difference between 
the normal mean 4-day excrefoons and the mean 4-day excretion m this 
patient, p ^ 06 by the i test) Bi the third patient (Br) "who had a 
gastroenterostomy for duodenal ulcer, fat excretion m all three 4-day penods 
uas abnormally high (mean 32 3 g ) In the first two patients, at least, 
single 4-day collections would probably not have revealed increased fat 
excretion It cannot be concluded that these small mcreases m faecal fat 
excretion necessarily sigmfied an absorption defect , increased mtestmal 
secretion and, m one patient, defective control of stomach empt 3 nng are 
other possible explanations Nevertheless, the fat excretion was above 
normal 

TABLE V 



racai nurogen losses in sleatorrhosa 

MoiKotrlKBn ^ 'nth 

»ith ••'.-■P.lh.c.tc 5P"» W . Ptot 

"bglitU aboio normal Tins « ti loss was normal or very 

n, .no J 
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and rose to four times thje normal on a protem intake of 160 g daily In 
this patient Dr J Wewsome later demonstrated deficient pancreatic function 
by Lagerlof’s secretin test (16), and the finding of laised fiecal iiitrogon 
excretion is in fact a diagnostic feature of pancreatic steatorrhcen (Pratt 
1934) This patient’s fat absorption was very deficient (Table V), but tlio 
excreted fat was almost completely spbt, the proportion of the total fat m 
the split form m the faeces rangmg from 88-100% Smce these estimations 
were done on 4-day stool collections, the high values may m part bo attiibuted 
to the hpolysis that occurs in faeces on storage, particularly m faeces from 
patients with steatorrhoea (3), but the findings serve to emphaswe the fact 
that the degree of sphttmg of the stool fats cannot be relied on to help in 
the diagnosis of pancreatic steatorrhoea Pancreatic steatonlima may bo 
distinguished from intestinal steatorrhoea hy the high faecal mtrogon loss 

Discussion 

Very variable data on fat excretion are obtained by ordinary motliods 
of marking and collecting stools, and fat absorption cannot be assessed mth 
single short collection periods With several consecutive shoit periods the 
collection error is reduced and an estimate is obtamed of the vanabihty of 
the data In this way, fat absorption can be compared at difierent times 
in the same subjects and any differences in excretion can be nsscsscfl 
statistically For the diagnosis of steatorrhoea, any method that 11111 roioal 
the increased fat excretion is adequate Most cases are revealed by a simple 
analysis of the fat content of the stool, but the proportion of fat in the stool 
may be normal though the total daily excretion is increased In doubtful 
cases the excretion of fat over a given period of time has to bo measured , 
on a 70 g per day mtake of fat, normally probably less than 23 g arc 
excreted in a smgle four-day period To detect small mcreosos in fat 
excretion, the excretion over several four-day peiiods should be measured , 
normally probably less than 64 g are excreted in 12 days In steatorrhoea, 
the total fat excretion is, within hmits, proportional to fat intake, and the 
defective absorption of fat can be made more obvious by increasing the 
dietary fat (34) In normal subjects, fat excretion changes little mi i 
moderate variations in mtake 

Steatorrhoea is not necessarily due to a defect in intestinal absorption 
Cases of pancreatic steatorrhoea are distinguished by an increase in icca 
mtrogen excretion Shghtly increased fat excretion may result from gas ric 
lesions (23) and possibly from an increase in intestinal secretion o a 

In a single case, our results suggest that after treatment uith fohe 
acid fat absorption m tropical sprue may return to near norma , ^ = 

treatment nuth hver and yeast may have contnbuted to the impro\ 
m the later periods of observation Treatment ivitli folic aci or 
months had no effect on fat absorption in two patients mi i i m 
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Bteatorrhaa Davidaon and others (10) reported improved fat absorption 
in one of tno patients -mth tropical sprue and no improvement m other 
patients with steatorrheea after treatment with fohe acid Their conclusions 
were based on the results of single 3-day periods and the significance of 
tlieir results caimot be assessed As fat as we know, no adequate study of 
the effect of fohe acid on fat absorption has appeared 


Sttmiiaby 

(1) Balance studies, m which the output of a substance is compared 
Mith the intake over a given penod, must usually he earned out for a penod 
of at least tnclvc days, and fats are no exception to this rule 

(2) Fat excretions over 4rday collection penods have a co-efficieut of 
\anation of about 30 per cent The estimated probable upper normal 
limit of fat excretion m fonr days on a 70 g fat diet was 23 g 

(3) Estimation of the d-day excretion of fat is usnally adequate for 

the diagnosis of steatorrheea Wliere the effects of therapy are being studied, 
the 12'day penod must be used ’ 


(4) Pancreatic steatorrheea is distuignished from steatorrheea of 
intestinal origin bj the high fscal mtrogen loss 


(5) After treatment with fohe acid as weU as liver and yeast fat 
absorption improied gradually to near normal m one patient with tropical 
sprue , there u as no change m fat absorption after several months’ fohe 
acid treatment in two patients with idiopathic steatorrheea 


We are indebted to the nursing staff of Ciolher Ward for them 

1 cTtf Dr G 4 W f 

uic mots to Dr G 51 Watson for advice on the statistical analyses and 
Messrs Lcdcrle Laboratones for the supply of fohe acid 
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A CO>n?ARISON OF ESTIilATES OF CIRCULATING RED BLOOD 
CELL VOLTOEE GIVEN BY THE ASHBY SIARE;ED BED CELL 
METHOD AND THE T 1824-H:/EMAT0CRIT METHOD IN 3*IAN 


By D W H BARNES, J F LODTIT and E B REEVE * 

(From the S London Blood Sup^y Depot, Sutton, and The CUntcal 
Research Unit, Guy’s Hospital) 

DiE methods of estimating blood volume have met and are still meetmg 
criticism, and results obtained bj' such methods are not uncommonly meired 
n ith some doubt Critics suggest that (a) the dye method does not measure 
the true plasma i olume and (6) the red cell volume as measured from the 
dje plasma \ olume and h-ematoent is not the true red cdl volume In 
other n ork on mjured men one of ns has been mterested particnlarly m (b) 
the error vrith vrhich red cell volume is estimated by the dye method To 
make a companson between dye red cell volume and true red cell volume a 
means of estimating «• true red cell volume » is necessary Many authors 
lime used the CO method for this (e g 13 and 21), but m view of the known 
combination of CO with substances other than the hamoglobm of circulaW 
red cells, it must be accounted an uncertam method of measuring the^ 
cell 1 olunm AUemative methods of estimatmg the » true red ceU volume ” 
m Minch the red ceU marking agent is less hable to escape from the bbod 
stream than CO, are (a) the radioacfave red cell methods (12) (8) and (61 

Mo.ot.ve eeB .oethL .t totS 

Mere not mailable to us, but it seemed that it might be possible to urp tliP 

methods in patients haimg stable eireulahons estimates by both 

m h-emoglobin and humatlnt levels To f variation 

— — levels 10 s ecure accuracy of the R B C V 

orr".tr‘""'r “■* — 

t^o.).nIton for to Clmicum* of St Heber Hosd 
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estimate by the modified Ashby method Me transfused a laico and cosiK 
measurable volume of “ marked ” red cells, approximately 540 ml of vholo 
blood to the patients of group 1 and 640 ml of packed red cells to group 2 
In the tlurd group of observations •we desired also to coinjiare simultancousK 
the rates of mixmg of dye and R B C m noimal men SmaUei Aoliuncs of 
blood (100-200 ml) mixed -with dye V'ore tiansfused lapully llicso 
expenments are fully leported in our next paper, and only the R B C Y 
estimates are here recorded 

Before reporting om results the methods used and precautions taken 
aie described m some detail The Ashby method has not pro-vnously boon 
used -with the precision here attained We theicfore describe at some 
length our use of this method and the tests applied to it 


Methods 

(a) The Ashby Method. 

The pnnciple of the Ashby method (1) is as foUo-ws A Group A subject 
IS transfused -with Group 0 red cells In his mixed blood the Group 0 rod 
cells can be detected and counted after agglutinating the Group A rod tolls 
ivith an anti-A serum A modification of the method utilizes the haimolysing 
action of anti-A serum to remove the Gioup A cells , for this icaction fresh 
complement is necessaiy to activate the haomolysin If a ImoMU number of 
Group 0 red cells are transfused, and, when complete mixmg in the recipient’s 
circulation has taken place, the number of Group 0 led cells in umt volume 
of the recipient’s blood is determmed, the total volume of the subject’s red 
cells may be determmed from the equation 

■NTD 

RBOV = ^ X H 
NR 

where NT) = the total number of Gioup 0 cells transfused, 

NR = the number of Group 0 cells in 1 ml of the recipient’s 
Blood, 

H = the true volume occupied by the R B C in 1 ml of 
the recipient’s rmxed blood 

The total number of R B.C transfused (ND) is estimated from the volume 
of blood transfused and the number of R B C counted in unit volume of 
transfused blood 

Meaiiitement of volume tiansfnsed In the first group of observations 
whole blood transfusions were given Shoitly befoio the expenment a 
suitable donor was bled into a cahbrated one pint j\I R C i oo( )o , 
contaimiig 60 ml of 2 6% tn-sodium citrate, to a fou mm above a mark 

indioatine an accurately loiowii volume of about 540 ml 

In the second group of observations packed red cell transfusions i 
given Blood was stored for 36 to 72 hours in disodium-citratc-gliico. 
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anticoagulant in the cold The plasma from 2 pints of sncli blood was 
siphoned off and tho red cells were then decanted into a cabbrated 1 pmt 
M R C blood transfusion bottle, again to a few mm above the mark 

The blood or concentrated red cell suspensions were mixed thoroughly 
and a sample was immediately mthdrawn After a second senes of inver- 
sions a second sample was withdrawn The two samples were of a volume 
suflicicnt to lower the blood memscus m the bottle to the mark By 
cxpenmcnt it was found that a volume of 640 ml could be measured in this 
nay with an accuracy of i 2 ml , or less than ± 0 5% of the total The 
h'cmoglobin contents of the two samples were measured by an accurate 
method (19) to guard against sampling errors 

To transfer into the patient this accurately known volume of blood the 
foUoumg method was employed 

Tlie liottom was cut off an M R C blood bottle to form a funnel Into 
tlie neck of this bottle the rubber bung, contaming glass tubes and filter 
of the ordinary 51 R C blood giving set was plugged The dehvery set was 
Tilled w ith saline to the level of the neck of the transfusion bottle and chpped 
off The measured volume of blood m the calibrated bottle was poured mto 
the funnel, and the last 1 or 2 ml of blood ohnging to the walls of the original 
container ncrc nashed in with a httle 0 86%8ahne The needle was inserted 
into the patient’s lem and the chp released When at the end of the 
transfusion aU the blood had left the funnel, the sides of the funnel were 
unMicd and the dead space of the rubber tube and dripper fiusbed through 
nith a little sahne to displace almost all the blood mto the patient At 
the cud of the transfusion, at most 2 ml had faded to enter the patient’s 

live method used for the preparation, transfusion and measurement 

of 1 1 C % olume of the dj o blood mixture used m the thud group of experiments 
is described in our next paper, (3) ^ experiments 

Jfceivrmcnl of red cell count of blood injected 0 2 ml from onP 
Fflinplcs of donor blood or concentrated r^d ooH ci 

ol.^ m ( )T D B rf by tro 

»•( vndnrdi/cd b^ the Xational PhisicaTj"^ chamber 

took (broo «uicessnc Each observer usually 

« <opwato counts' on 0 s^rate tnlTS 

of donor blood or red cells totalling standard ddutions 

aud .aiuauiics nj ’ R B C, rarely Ts 
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The agglutinating sera used on all but one occasion -were two \cry potent 
anti-A sera, obtained from rabbits immunised Avith an artificial A antigen (10) 
The optimal dilutions for maximum agglutinating activity lay between 
1/16 and 1/64 (2) On one occasion (Subject Ba ) a potent nnti-B scrum of 
human ongin was used undiluted On two occasions, to checlv tlio 
agglutination method, a haemolysis method was put through simultaneously 
Undiluted anti-A serum, obtamed from selected men immunised with 
punfied human group A substance (14), was treated with a 1 m 10 dilution 
of giunea pig complement that had been smtably absorbed Tins hicmolysin 
complement mixture was meubated at 37° 0 for 3 to 6 hours with the 
recipient’s blood samples 

Counts of the inagglutmable red cells (or the red cells that wore not 
hsemolysed) were made {a) on samples of the recipient’s blood draivn before 
the transfusion of Group 0 cells (to determme the “ blank ” count) and (b) 
on samples drawn after the transfusion 0 02 ml of the blood to bo counted 
was pipetted and washed out into 2 ml of dilute serum (or serum complement 
mixture) dehvered from an Ostwald type pipette Both 0 02 ml and 2 ml 
pipettes had been cahbrated and were used with much care A 1/101 
dilution of the recipient’s blood was thus obtamed After absorption and 
centrifugation (or incubation) the mixtures were thoroughly shaken, and 
samples were transferred to the hmmooytometer chambers where counts 
were made of the numbers of free red cells The numbers of samples and 
free red cells counted, and the manner of makmg the counts, wore as described 
earher for the counts on the transfused blood The numbw of Group 0 
cells m umt volume of the recipient’s blood after the transfusion is taken 
as the magglutmable (or unhsemolysed) count mmus the appropnote blank 


*'°'^Lth agglutmatmg and hmmolysmg sera were very 
blank counts done m every expenment on sample ^„th a 

varied between 3,000 and 66,000 per c mm or between 0 3 f ^ 

mean of 3% of the total magglutmable or unhsemolysed red ceU comt after 

Twiiol On only /Lamons was 

of the total magglutmable red cell count, ^ ^ To obtam such low 

Bi, Bo, Ba and the last bv a preliminary triol of 

blank counts it was necessary to select T* asTell as to 

sensitivity of their red cells to these strong agglutmatmg sera. 


use very potent sera , 

Xrror. Errors ’“S' Gm«P 0 

number of Group 0 red cells transfuse , ( ) samples and (c) of the 

red cells m the recipient’s 

hmmatoent As has been f dilutions of transfused 
the volume of blood transfused ai^ m Method of estimating the 

and recipient’s bloods for countmg .^ent a number of 

hmmatoent is described shortly and m any T 
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lisematoont observations have been made The combined error from nil 
these sources is small Greater errors might anse cither m the estimate 
of the numbers of red cells in. the diluted samples, or m the method of 
estimatmg the number of Group 0 red cells m the mixed samples To 
obtam a precise estimate of the number of red cells in a lueniooytomotcr 
chamber a sufficient number must be counted and these must bo chstrihutcd 
“ at random ” through the countmg chamber Clearly if they are distnbutcd 
m some other way a false estimate of their number may be made To 
mmimize error from this latter cause we have examined the distributions 
of the red cells m the hasmoeytometer chambers by statistical methods 
which for convemence are briefly summanzed m an appendix to our 
subsequent paper (3) These show the red cell countmg techmquo to hnio 
been satisfactory 

In estimatmg the number of transfused R B C m mixed blood, tho 
recipient’s own R B C are clumped together by strong agglutinating sera, 
the red cells are spun to the bottom of the contammg tube, and tbo 
unagglutmated cells are shaken free from the clumps Two sources of 
error might be expected (a) Agglutmated led cells belonging to the 
lecipient might be shaken free from the clumps and counted as transfused 
cells, (b) free transfused cells might be captured m tho clumped recipient's 
cells, so givmg too low a count of transfused cells To muumizo tho first 
error blank counts were made as described earher To test tho second sort 
of error and the volumetnc accuracy of the method, no ha\o made 
experiments m vtUo in which we have tned to duphento our experiments 
in VIVO The expeiiments tn vtfro were made as follows 

A 20-60 ml sample of Group A blood was drami and oxnlnted to represent 
the recipient’s blood From a portion of this the plasma was separated and 
was used to dilute the remamdor of the sample to represent recipients mth 
difienng hmmatoent levels Blank counts as described were made on this 
Group A blood 6-10 ml of Group 0 blood were drawn and oxnlatcd to 
represent the transfused blood and an accurate count was made on tins 
To an exactly measured volume of Group A blood an exactly measured 
volume of Group 0 blood was added, and the two blodds thoroughly mixed 
The proportions of Group 0 to Group A blood ranged between 1 to 6 and 
1 to 40, and are similar to the proportions used in our expenments tn vivo 
Counts ’ of unagglutmated cells were made on the blood mixtures and 
corrected by subtraction of the blank counts linowing from the counts 
(a) the total number of Group 0 cells added to the mixture, and (b) the number 
of Group 0 cells in umt volume of the mixture, the total volume can be 
calculated and compared with the measured volume In Tabic I arc shown 
the results of such expenments tn vtfro with the estimated statistics 
clear that tn vttio the method is capable of gmng precise results 


In VIVO Test of the Ashhtj Method As a check 
of the results obtamed by the method tn vivo, lepeatcd estimates of 
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hseiaoglobm were made in two subjects The estimates are shown m Table 
n It will be noted that m both subjects the duplicates of each estijnato 
he withm and m two mstances well witlun 2% of their mean In subject 
B P the sum of the first total hsemoglobin estimate and the amount of 
hsemoglobm given in the second transfusion is only 4 g greater than the 
second estimate of total haemoglobin, or too great by less than 1% of the 
subject’s total hsemoglobm In subject GN the sum of the first total 
haemoglobm estimate and the amoimt of hiemoglobin given in the second 
transfusion is 16 g greater than the second total hsemoglobm estimate, or 
greater by about 2% of the subject’s total hsemoglobm Hence the Ashby 
method gives precise results %n mvo The prmciple of estimatmg total 
hsemoglobm is the same as that for estimatmg total R B C V Tlio form 
of the calculatious are shown m Table II 


nn oxnct 


Q>) The Dye Method 

The accuracy of the dye method of estimatmg plasma volume depends on (1) — 

knowledge of the quantity of dye mjeoted, (2) an accurate estunate of the dyo content of llio djed 
plasma samples and., (3) the mjected dye only leaving the plasma at a determined mto 

We have mjected an exacfly known volume of dye solution thus A cnhbmted verj tliinlj 
oUed 20 ml syringe is filled to the mark with dye solution After a smtablo \oUmio has been 
mjected— usually between 12 and 20 ml— the unmjected remamder of the dyo is disebarged 
into a narrow calibrated measumig cylinder m which it is accurately meawired By this monnfl 
the volume uneoted le readily estimated to 0 1 ml or to less than 1 /q of the total mjeclca 3* or 
each plasma volume estimation an accumtely prepared ddution of tha mjected djo was made 
up m the patient’s undyed plasma or serum ^wn just before the dye mjection nis J*'^*'*” 
dilution of dye m plasma was made up to have a concentration close to that of llio potiont s 
dyed plasma samples 

For estimatmg the dye content of plsama the method of Gibson and Evolyh (7) was u^d 
with certam modifications 

Fnoutrb dye is mjected to give concentrations m plarana near 1 A ******'^<%^wt^K 
was wtb a^nwtive ^hotoelectrio photometer of the type de««bed b> 

rewd“rmfi?temmedbyG?bsonandEvoV(7) ^OellsofSmm 
used The estimates of plasma dye concentration h^e ordmanly been comp > 
after the withdrawal of the dyed samples from the subject 

optical density, values for dye concentratoon of bom ^ndaras ana w p 

from carefully prepared calibration ^es orfobm pigment m plnsmn, 

of the dye content of plasma samples, (a) the 1 No trouble ubb caused 

(b) the presence of varying degrees of cloudmera m ^ fow samples indicated 

by {a) m these experiments We have met with „„d m 

later, but much ^ has been taken m exanmmg ^ples for the presence oi 

treating patients and samples so as to avoid cloudmess 

The rate of loss of T 1824 from the pla^a \®mrCt and Lend groups 

contents of samples drawn at intervals after *^® jg mmut^ after the dvo injection and 

of esperiments 3 dyed samples were third eroup of experiments llio dyo loss is 

with 12 18 mmutes mtervals between them tin, d.e injection 

calculated from samples drawn at “PP^’^^^T ^xf corrected by the fotmula suggested 

The plasma dye concentrations of aU samples bB% e been correcrou j 

by Noble and Gregersen (17) 


Pr* 

Dn X 


where Dn =» the dye concentration of the nth sample 

pri « the total protem content of the Ist dyed sample 

PfH = the total protem content of the nth dyed s^p e foonuls 

The total proteins were estimated by the foss of fluid by the plasma 

corrects approximately for losses of dyed albomm, or for loss or ga 



BLOOD VOLUME ESTIMATJON—I 


143 


(c) Dye Hamatocrit 

X1i(> X 1SZ4 red cell volume estimate is derived from tlie plasma volume and tbe bsematocnt 
Xl luis been shomi that a small proportion of the red cell column of the htematoent consists of 
trapped plasma (11 33) and henre the hsmatoent as ocdmanly determined gives a small over 
estimate of the \oIame of the red cells Therefore, as shovm by Root Boughton and Oregetsen 
(31), for an accurate estimation, of totol red cell volume from the dye plostna volume and the 
imun haimstocrit, the spun hicmatoent must be corrected for its content of trapped plasma, or 
the true volums of ted cells must he detenmnedhv anothermethod Jh each subject, at the time 
of the Mood volume estimations, a single estimation of the volume of red cells m unit volume 
of Mood has been made xnth a raicra T 1834 method, and this estimate has been compared vrith 
that obtam^d from samples of the same blood spun at 1500 X g for 30 mmutes m iusmatoent 
tubes Our determinations showed that the amount of plasma trapped m the spun hiematocnt 
red ccH column ranged from 3 to 7% Since m such determmations it is easy to make small 
errors m djo estimation, and such errors vrould account for the range of vatuea found, the spun 
hfcrantocnts of all blood samples have been corrected to alloirfora mean value of 6% of trapped 
plasma, i « by multiplying the hematoent by 0 85 

In a part of the first undjed and hepannised sample of the blood the volume of red cells 
in unit v olumo of blood rnis estimated with T 1824 The follovraig micro method was employed. 

The uudjed blood vras dmded mto two portions Plasma was separated &om one part, 
and to M ml ottXm plasma 0 02 mk of 0 2% T 1824 made up m physiological aalme was added 
from a Burroughs Vl ellcome Agla ” nuerosynnge fitted mth a curved 26 S IV (3 needle Dve 
and plasma were mi-ccd and acted as a dye standard Exactly 6 ml of blood from the other 
iMition was placed ma 5 ml mcwairing cvlmder, and 0 04 ml of the same dye solution was added 
mtcroOTiuigc Dja and blood were mixed by carefiil mversion for 10 mmutes 
“»»iV“ yas separated by a short period of centrifuging at 1600 r pjn m a 

®cntr.fu^ standard and sample weStben deterWd^as 

1“*®**’'“ **> ‘*’0 photoelectric method used m the plasma volume eatunates Prom 
(he con-vnlmtions of dje m the standard and in the plasma from the dyed blood the volume of 
^ “ •®'**stod In such a micro method a precise ^wledge of the ^ime 

f « required The v oluiie of wS, 5 iT ^ mJ^d 

Sipcifie Md also checked by weighmg and dividing the weight bj the detennmed 

or blood «Rd cotilK ^itjcd off on thn nr f i»a wre delj\ ered just above the plasma 

greater at tract ion for tSo drop of 0 2»i dro than v gJass surface has a much 

ran bo complcteU trrmsfewed from nro^^t p“ 

Mornson reakmg Inp^ate ostu^noM on fhfw^ labomtory g 

m'llKxl just dwribed finds values imviSc subjects with the huoto T 1824 

finnmg the work of Grogenwn and ® uf about 4o^ thus c^* 

:rV/^ ^ thmk that the 



plasma rrpamtrri V^rd,od^ Method tend-'to 

lapm and Ross (4) is presented m* oSl?iTpa^/(^^“" explanation for th^ 

The tmn..r«fd thfw ^Jready described 

m nil th<* plasma samplts of a 

me haanoglobm concentmtion and 
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heematocnt of all blood samples were estimated, the first as dcscnbcd m (10), the second hi 
spummg at 3,000 r pjm for 30 mmutes m a centrifuge of radius 16 cm (approximatoli 1500 X c ) 
m btematocnt tubes of 3 mm diameter and 10 cm length In the first group of expcruncnts 
haemoglobin and hiematocnts were estimated m duplicate In the second group of cxpornnfuts 
single estimations only were made on eadi sample On each plasma and scrum sample the 
specific gravity was measured by the CuSO^ method (18) 


Descnptton of the expenmente 

To avoid plasma cloudiness all expenmental subjects were stnnecl for 
at least 12 hours before the experiment In the first two groups of 
observations to avoid disturbing the circulation by transfusion reactions 
either constrictive or urticarial, and hence possibly disturbing the plasma 
volume estimate, we transfused rather slowly over the course of 46 to 00 
mmutes, the patients were kept well warmed, and about half of them ucre 
given injections of J gr (16 mg ) morplune, a half to 1 hour before transfusion 
started It has been shown that morphine does not affect plasma volume 
estimations with the dye T 1824 (20) Before the beginning of transfusion 
a sample of the patient’s blood was taken for an estimate of the blank count 
Whole blood or packed cells were than transfused as desenbed and the last 
portions washed m with sahne Half to one hour after the end of transfusion, 
when it had been ascertamed that there was no reaction, a plasma volume 
estimate was made with T 1824 as described Counts of transfused Group 0 
cells were made on the first and last dyed samples, there bomg approxnmatcly 
a 30 mmute mterval between the drawmg of these two samples Before 
and during the expenments aU patients were recumbent m bed The 
expenmental procedure used in the thmd group of observations is described 
fully in our next paper (3) In these expenments there was » perwd of 
10 to 30 mmutes for mixmg of transfused and patient’s red cells “ 
transfusion lastmg for 1 to 2 mmutes, compared with a penod of 30 to 00 
mmutes after a trausfusion lastmg an hour m the first two groups oi 
expenments In the third group of expenments no subject showed an 

urticanal reaction 


Results of expenments 

Table HI A summanzes the results of 8 e^enments in 
blood was transfused Dupheates given by *3 

shown for two samples m two cases The first 6 !^Snall dc^ec of 

techmcally good, but in the last 2, patients B and , tlirovs in 

cloudiness developing unequally m the however, that these 

doubt the precision of the dye estimate It is tho g > ’ , 

two dye esfamates are not much m error It will be 

the dye method measures a 120/, higher volume of red ceUs ^ 

meJd Bnef chnical notes on all patients axe 
patient N expenenced a jmld urticanal reaction dunng 
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In transfusii^ 640 ml o£ Group 0 blood to Group A patients 250 to 
100 ml o£ plasma containing anti-A substance were transfused To munmize 
possible cBects due to the transfusion of this foreign plasma, in the second 
group of cases 640 ml of packed red ceUs -were transfused The results 
are showi in Table III B The fourth patient (Me) suffered from an 
inflammatory mass m the abdomen and showed an increased rate of loss of 
dye from the plasma, but probably the dye estimate of his plasma rolume 
18 not grossly in error Here on the average the dye method gives a 17% 
higher red cell lolume estimate than the marked cell method 

In Table HI C are shown the results of estimates by both methods 
on the third group of 8 normal subjects Smee smaller volumes of blood 
nuved with dye were rapidly transfused, we think that these espenments 
u ere more hable to small errors in estimates of the total volnme of marked 
red cells and dye transfused The results show a rather greater scatter 
m the difference between estimates given by the two methods, hnt the 
ai crage of a 12% greater estimate by the dye method agrees with the results 
in the patients of Table HI A 


•uiifciisstQn 


Wc, as others (9, 12) find therefore that the T 1824 method gives an 
estimate of total red ccU volume averaging 12 to 16% higher than the 
rue red cel i olume IlTiy is this * First the estimate of the true red 
cell i oluiM might be too low It has been shown that the Ashby method as 
here used gnes results of considerable precision tn viiro, and therefore if 
t gii es too loll results, these must be due to causes w w The volume of 
injected marked red cells is measured wcurately and therefore ton W 

^reonirr^ gam of marked red cells tn mvo There 

arc onli tiio possible causes of this-mcomplete mixing of marked red S 
in the circulation or gross technical errors Sino<» m +Vio ftr,. i 

oi rea cell volume is imcorrected dye loss 
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Ihe average for aU expenments is 12% of the total djc injected In our 
subsequent paper (3) certain aspects of the dye method are exammed furtlier 
The expenments there reported do not exclude d 3 'e loss, but suggest, 
m the absence of direct proof of appreciable dj-^o loss, that onlj ier\ 
small amounts are lost from the plasma and go uncorrccted 'm the 
method 

Concerning (6), there is direct evidence that blood in the small i ossch 
has a lower bssmatoent than blood in the large vessels Thoma, Krogli (23, 
16) and others {eg 24) have observed that m blood fioving through the 
mmute vessels there is a marginal plasma layer, with thickness about the 
diameter of a red cell, separating the vessel 11011 from an axial stream of 
blood Fahraeus (6) has shown that when blood of constant composition is 
passed through fine glass capiUanes of varying diameters of the order of 
500 fi or less, on seahng the capiUanes and determimng their hfomatoent by 
centnfugation, as the capiUanes narrow so the proportions of red cells to 
plasma decrease Hence there is both direct observation and expenmont 
in mtro to support the view that there is a greater proportion of plasma to 
red oeUs in the mmute vessels than m the larger vessels The circulating 
blood may therefore for convenience be divided into two parts, the major 
part consisting of blood with the large vessel luematocrit, a small part 
consistmg of plasma only winch may be termed “ marginal ” plasma The 
question anses, what proportion of the total volume of the circulation docs 
this “ margmal ” plasma occupy * This question cannot at present bo 
answered with certamty, but maximum values can be calculated 

If it IB assumed that the dye method gives close to the true estimate 
of plasma volume, and the Ashby method as here used gives close to the 
true estimate of red ceU volume, then the volume occupied by the “ marginal ” 
plasma may be calculated from these expenments The results of such 
calculations are shown for each expenment under column M in Tables ill A, 
B and C, expressed as percentages of the total blood volumes It can bo 
seen that on tins assumption the “ marginal ” plasma occupies from 2 to 
13% of the total blood volumes, inth a mean of about 8% It is shown in 
Table V, which is discussed shortly, that when similar calculations are made 
from the results of simultaneous estimations by T 1824 and other marked 
red cell methods, exceptmg only the carbon monoxide marked red cc 
method, on the average about the same percentage of the total blood x o ume 
is occupied by “ margmal ” plasma It seems probable that the Ashbj 
and radioactive red cell methods give results close to the true tota re cc 
volume Smee, however, the dye method may give a small oxercstima c 
of plasma volume these values for marginal plasma can onl}^ be regar e 
maximum values 

Various workers have attempted by other methods to measure the 
proportion of red cells to plasma in the mmute vessels, and t lo vo ume 
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blood in the jnmute vessels, but in onr view with no great success The 
latest attempt bj Gibson et al (10) deserves brief note 

Uemg difierent radioactive isotopes to label red cells and plasma protem, these irorkeis 
ha\ 0 attempted to estimate the total amounts of red cells and ptasma m the tanall vessels of a 
\anety of tissue of dogs After preparation xnth isotopes the dogs ivere killed, and their organs 
rcmoicd and \reighed Then veiy small pieces of tissue, ent to avoid the larger vessels, vrere 
removed and analj'sed for their red cell and plasma content These email pieces of tissue bled 
and were allovred to bleed There are tiro senous criticisms of this work first it is Imoim that 
on death blood is redistributed, passing from the high pressure arterial side of the circulation 
to the lower pressure venous side Secondly the chance of blood loss from vessels of all sizes in 
such small pieces of tissues must be very great, and from small vessels the loss rrould naturally 
bo of the axial blood , any loss of small vessel blood would thus exaggerate the plasma content 
at tho expense of the red cell content The great variation from ammal to animal both m the 
blood content and tho authors estimate of the * small vessel ” haimatocrit of the tissues, 
strengthens these criticisms 


TABLE IV 

Brief nolet on patients on xohom RB CV estimations mre made 


Paticnl 

1 

Age 

Clinical Ivotes 

Hb 

cr 

6 /o 

% predicted normal B V 
after 

transfusion 

s 


27 

Reco\ ering from appendicectoinv 

IBl 

X» 

Gu 

B 

C8 

•• , strangulated hernia 

13 2 

y 

N 

H 

31 

t spruQ 

12 7 

K 

A 

m 

64 

, bleeding fibroids 

99 

If 

Be 

m 


< ,, haematemesis 

10 7 

IT 

Ur 

s 

D 

Chronic sepsis 

112 

80—90% 

r 

i 

! CO 

Under treatment for gostnc ulcer 

131 

K 

Bt 

i 

•10 

Convalescent from partial gastrectomy 

11 7 

X 



^olrntto wath T I slS^^al^JnatTcn^d esfamafes of pksma 

mdiotctuc iron ns tlio ted cell markor ^ ^ cell R B C V , Tjsmg 
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h®matocnt and marked red cell E B C V usmg radioactno phosphorus 
the red cell marker m 8 normal subjects 

In neither senes of experiments were the haimatocnt values corrected 
for the plasma trapped m the red cell column, irluch results in sranll errors 
in the estimates of total red cells by dye and marked cell methods, and of 
total blood volume The results of Gibson and others (S) have therefore been 
recalculated, assuming that 5% of their hasmatoent red cell column consists 
of plasma We are informed by Dr Koster that there is a misprint m the 
paper of Hevesy and others (12), the results given in Table VI under the 
column headed “ Dye method ” bemg volumes of red corpuscles in ml , and 
not, as stated, grams of corpuscles The onginal dye estimates of plasma 
volume are not given, and Dr Koster has mformed us that they ucro lost 
durmg the German occupation of Denmark Tlie plasma volumes are 
therefore calculated from the difference betireen the blood volumes estimated 
by the dye method given m Table VII, and the corpuscle volumes estimated 
by the dye method taken from Table ’SG of the paper Hevesy and otliers 
(12) state that the centnfugal force and time of spinnmg used resulted in their 
hmmatoent red cell columns contaimng 3% of trapped plasma Therefore 
both dye and estimates of E B C V have been corrected to exclude this 

Eoot and others (21) report 14 simultaneous estimates of plasma \olumo 
with T 1824, hsematoent and marked red cell volume usmg carbon monoMilo 
as the red cell marker m 8 subjects Their results were corrected for plasma 
trapped m the hsematoent red cell column estimated as 4% of the total 
column 

The results of these workers and our own are summarised m Table V 
The folio wing mean percentages or ratios for each group of results arc sho^\n, 
and where they may reasonably be calculated, the standard de\iations 
about the mean 


f E B 0 V estimated by T 1824 
' (E B C V estimated by marked red cells 
, f Blood volume estimated by T 1824 

(2) I — 


X 100 


100 


X 100 


I- 


100 


Total Blood Volume 
where total blood volume is the sum of the dye plasma \oIujne and the 
marked red cell E B C V 

(3) E B C V estimated by marked red cell 

E B C V estimated by T 1824 
This ratio is termed E and is shown under Column E 

(4) The mean estimate of maximum dye loss as earher deBued 

This IS calculated from 

^ Dye plasma volume E X dye plasma volume ^ 

~ Dye plasma volume 


and IS shown m Column L 
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(6) The mean estimate of the percentage of the total blood \olume 
occupied by “ maiginal ” plasma as earlier defined Tins is calculated 
from 

Dye plasma volume — R x dye plasma volume 
"" Total blood volume ^ 

and IS shown under Column M 


R in the equations shown in (4) and (5) is the value calculated iti (3) 


Examination of Table V shows that whereas the values for the ratio 
R given by the Ashby method and the two radioactive methods are in close 
agreement, and are about 0 87, the CO method gives a mean i alue for It 
close to 1 0 Hence, assuming that each group of workers used the d}o 
method in a comparable manner, it seems tliat the carbon monoxide method 
gives an overestimate of red cell volume of about the same order os the djo 
method In view of the known ease of escape of CO from the cn dilation, 
and the presence m the body of substances other than red cell haimoglobm 
that have a strong aflSmty for CO, and despite the extrapolation method 
used to correct for CO loss in the expenments of Root and others (21), it is 
much easier to explam the results shoira as due to loss of CO from the blood, 
than to explam the other 3 senes of results as due to an underestimate of 
red cell volume 


Excluding then the results obtained by the CO method, it may ho 
concluded that m normal subjects as shown in Column (1) on the aicrago 
the dye method gives about a 16% overestimate of total red cell volume 
and as shown m Column (2) about a 6% overestimate of total blood volume, 
where this is taken as the sum of dye plasma volume and marked red cell 
R B C V Since, on the whole, the dye method is the most gcnerallv 
applicable and the easiest m use of the present ^thods for ®stimatnig 
plasma and red ceU volume, the values shovm for R under ^ 

the most useful of those shou-n m the table The standard deviation for 
R is close to 0 06 From R the approximate “ true ’ red cell volume can 

be determmed thus 

“ True ” R B C V = B X dye R B C V 

Total blood volume can also be determined as plasma volume + R X c 
R B C V iSther the two valuee L end M of theoretioel mterert teontsed 

earlier can be derived as shown above 

It « of interest thet m the Ashby end "^2 ted 

which on the whole show good egreement, verying ^ were 

i werefrenshs^ About nd « 

S^ratSpirs^T^^be^oLTbeto^^ 
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and hospital patients The ratios for the 8 normals are shown bracketed m 
Table V, and it can be seen that there is no great difEerence between these 
and the group dealt with together It does not follow, however, that 
normal subjects and patients suffermg from various diseases will show the 
same average values for the ratios given m Table V Before this can be 
stated much further work will require to be done 


SUMMABV 


(1) A method for making precise estimates of red cell volume with 
the Ashhy technique is described m detail 

(2) Possible errors of this method are exammed Both tn vitro and 
*?i VIVO tlie method gives precise results 

(3) With a micro dye method for estimatmg the volume occupied by 
the cells in umt volume of blood it is found that on the average 6% of the 
red cell column of the hsematoent spun at 1600 X g for 30 mmutes consists 
of plasma 


(4) In 12 patients and 8 normal subjects simultaneous estimations 
were made of the T 1824 plasma volume, the spun hamatoent, the T 1824 
Iircmatocrit and the Ashby red cell volume 

(6) On the average the red cell volume calculated from the plasma 
1 olumc and liromatocnt corrected for trapped plasma was 13% greater than 
the Ashby estimate 

(0) Tlic reasons for the greater estimate by the dye method are renewed 
and It IS concluded that it is due to an overestimate by the dye method and 
not to an underestimate by the Ashby method 

( / ) Calculations arc gn on (o) of the average amount of dye loss reoun-ed 
If the discrcpancj is entirely due to dye loss, (6) of the mamSn perdZe 
of tlic total blood volume occupied by the “ maigmal” plasma if thn 


..mrked ml Xnold tl,r» V the 

hi 0.1.™ .UoV. ta fh^dv. """‘It ® 

proatorestnnntoof theredceUioIume tharthT^^^^ ^ 

nicdiods but about the same estimate as the 
.hn. .he CO «h„d 

• app.„«„«te 

'h' 1 omettd IromntoOTt are gi, cn aL al”™ ta ' !’>• **“» volume 

interest en en, and also other ratios of theoretical 
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OBSERVATIONS ON THE ESTIMATE OP THE CIRCULATING RED 
blood cell volume IN MAN GIVEN BY T 1824 AND THE 
Hematocrit, with special reference to uncorrected 
dye loss from the circulation 

By D W H BARNES, J F LOUTIT and B B REEVE * 

(PrOTB the S IT London Blood Supply Depot, Sutton, and The Clinical 
Research Unit, Guy's Hospital) 


l> the previous paper (1) it ■was slio'wn that in normal subjects the dye 
method always overestimates red cell volume as compared ■with the Ashby 
and radioactive red cell methods, but gives an estimate of about the same 
size as the carbon monoxide method It was concluded that the carbon 
mono'nde method overestimates red cell volume, and argued that the 
discrepancy between the T 1824 estimate of red cell volume and the Ashby 
and radioactive red cell methods was due to either ■uncorrected loss of dye 
from the circulation, or unequal distribution of red cells and plasma m the 
circulating blood It seemed to us that the latter explanation has been too 
readily accepted as the cause of the whole discrepancy (though there is 
strong evidence to suggest that it is the cause of at least some of the 
discrepancy), and that an insufficient exammation has been made of possible 
die loss In this paper we report experiments m which we have attempted 
to find cndence of dye loss immediately foUoivmg dye mjection (Section II) 
and dunng the “ mimng phase ” of the dye dilution curve (Section I) We 
also haio evammed the extrapolation method of correctmg for dye loss 
(Section 111), and the effects of undetected coloured impurities in the dye 
solutions injected (Section IV) One of us (E B R ) is chiefly responsible 
for the observations and argument advanced m Sections II, m and IV 

I — ^Possible dye loss dtjbikg the “ ansuro phase ” 


In Fig 1 Curve D is shown a typical plasma dye dilution curve m 
^ lie concentrations of the dye T 1824 are plotted against tune It can 
le seen that there is an early rapid fall m concentration, part A of the curve, 
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followed by a slow regular fall of dye concentration, part B of the c«r\c 
Since the work of Gregersen, Gibson and their collaborators (12, O) it lm<? 
been customary to assume that durmg part A of the curve the dj'c is mixing 
with the circulation, and that durmg part B of the curve the dj o is coinpletcU 
mixed but is bemg slowly removed Tlie slope of part B of the ciino is 
taken as a measure of the rate of removal of dye from the curculation It 
18 assumed that dye is lost from the circulation at the same rate dimng 
part A of the curve, and therefore the concentration of d} e if it had been 
mstantaneously mixed at zero time is calculated by extrapolation 

If these assumptions are correct, then part A of the curve represents 
the rate of imxmg of dye in plasma superimposed on the rate of djo loss 
from plasma It has, however, been suggested that the shape of part A 
of the curve is not due to mixmg but to earher more rapid removal of d\e 
from plasma (6), though criticisms of tins work have been advanced (20) 
Further evidence which at first sight might support this view may be 
derived from expenments such as those of Nyhn (16, 10) on the rate of 
nuxmg of tagged red cells in the circulation, winch suggest that mixing is 
nearly complete after one or two mmutes If part A of the curve is indeed 
due to an mcreased rate of dye loss from the circulation this might account 
at least m part for the overestimate of red cell volume by the dyo method 
In the expenments now to be reported we have therefore compared the 
rates of nuxmg of dye and marked red cells simultaneously injected into 

the circulation 


Description of experiment 

6 ml of satmo contamng^O^^^ stereo roensoring 

of freshly dra\m citiated Group ® ^ . -r tmmber of Group 0 colls transfused, snd 

oylmder. a sample was tatou for the the ra^^r^oi^^ 

the remainder transferred to the , , - jo first thoroughly -vrarmed in s 

fit, normal Group A recipient, who J m 

weU heated room to the on ^0^ covered with blankets, 

the vessels of his forearms 1^ WM n p could transfuso blood rapidlj, (i) to 

and kept warm We foimd this I transfused blood A wide boro iransAwon 

mmimize any vasoconstrictive of om arm, and after a prcliaimniy control 

needle was mtroduced into a large anmeub t funnel containing blood mixed with dje 

sample had been vpthdravm, "““““t of a strong 

A wide bore sampling needle, fitted to a smaU syt^ .Aecubital v em of the other arm Bj 
sterile solution of heparm, was firng the sampling needle vi6‘ 

sucking a few ml of blood into the i^opt potent for 30 minutes Wien 

quantities of blood eontai^ ^tituted for tho small sjmnge At 7ero tim 

samples were required a 10 . ,00 ml of dyed blood wore transfused m the 

the transfusion was B^ed j mixed with dvo was measured bj ‘!l_ 

of 1 to 2 mmutes The volume of blood n^dwitn ajo transfusion in a roen«mnng 

volume left m the funnel and olume Samples vrero withdravm vnthout 

oylmder, and subtracting this from of tt^fu8ion-30 seconds, 1, 3, •», 

stasis begummg at about the following Smwn, usually as nearlj « 

8, 12, 20, 30 mmutes ^ to IS^seconds Tho samples were ‘'q 

possible at a uniform rate over a P®*1®^^ l«late tubes for counts of transfused 


occur 
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Two 8ubj«ct8 who had been insufficiently warned ^foie the *»^ed 

M 8 ocon 9 tn.tion immediately following the tran^on In withdraw^f ^ 
eamplcB was thus made difficult andthey have been excluded from this pa;^ Bo the other 
SIX Bubicfls who had been thoroughly wanned there was no difficulty in 

No other reactions to the transfusion were noted either during or for several hours foUorag 
tBinsfusion. One subject. Ba, was bled of 800 ml before being transfused with the blood 
and d>c mixture 

ResuUs 

In presenting the results the concentrations of marked BBC 
hn\e becifi corrected by multiplymg the BBC values observed by 

~ — , and the plasma T 182i values by multiplymg 

Hb of sample m question ^ 

^ Plasma protein content of tbe mitial sample 

Plasma protem content of sample m question 

0\cT a short period of tune the circulating hlood may show fluctuations either m its tota 
\olumo or m the total quantities of its constituents Such fluctuations may alter the 
conrcntmtions of cither marked red cella or T 1824 or both Since we are interested in the 
relafiio rates of dilution of marked B3C and T 1824 it is necessary aa far as possible to 
correct for such fluctuations 

Consider first the marked led cells Smee they only differ from the recipient’s red ceHs 
bj a group diffcrcnco and are so far as is known m every other respect identical, these are evenly 
and mpidtj distributed throughout the whole mass of the recipient’s cells Insides the degree 
of mivmg with the recipient s red cells, changes in marked cell concentration can also be caused 
”'i removal of fluid Irom tbe cireidation, or ly removal of red cells from or 

addninn of fresh rod cells to the circulation. To correct for the influence of such fluctuations 
It IS nrecssa^ to know the rate at which marked red cells would ha\e mixed with tbe recipient s 
red cells had tho«o ted cells remained constant in quantity and suspended in constant volume 
or fluid 8mcc the change of concentration of marked red cells during mixme is not great 
anil ihrj form onlv a small proportion of the total red cells, aa observed number of mmked 
roll colls in a particular sample may be corrected bv the following fonnula 

3Iatked BBC oount w Bb of mitial sample 

ofsampfe Hb of sample m quesbon 

n TiV*!!!'’ I" concentration will exactly parallel changes m marked 

ire^cfn whole bl^ and henc^ t^ mrttod 

mn constant N olumc If for any reason red cells are removed from the circulation 

ni'O COrTOCt fOT TCTQO^ol to COnStAZlt totfil nri BTi f ifvT or TPrt rmtitt T’Vs® „ i ■t 

Sr tre^rrme^r^^ 

man 10^" ni of significant sue exirt m n^l 

since Oie latter maj be mfl’^^ndently ot^rfd 

cohconimiions "wd hcre'*'^^m«mg"ot X alhnmm m the 

ilwtribinionofT 1824 tniwpd albumin ^ama may therefore he regarded aa the 

siimlnr arguments to those u«cd for BJJO nnd^d alhnmm molecules Applying 

irmml""*'’'* albumm concentmtmn 

\.,i.i» _ 1 ^ Albumin concentration of sample 'in ouestioh 

diflkiilli wtisfactorv compromise which avoids the 

an * . 
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All subjects but Re shovrod -k ory similnr chnnges m the hicmoglobm and plni>mn prou m 
contents of their blood samples Both htcmoglobin and plasma total protein contents fill 
usually m \ery close parallel, to levels that were in the last samples drmrn about nc% of tin 
\alue8 in the first dyed samples Subject Re alone shoned ler^ httlo change, not greater 
than a I 6% fall m concentration of htcmoglobin and plasma protein in his Bcnes of blow! 
samples 

In Fig 1 are shown the results of a typical experiment on Subject Ra 
102 ml of Group 0 blood mixed with dye were transfused in 70 seconds 
Samples were -withdrawn over a penod of 35 mmutes at the intervals shown 
in the figure, m which the approximate period taken for mthdraual of enclt 
sample is also shown Dye is lost slowly from the circulation and according 
to Gregersen and Bawson (12) the best measure of this loss in the first hour 
IS the slope of the hne draivn through the logarithms of the concentrations 



X Marked red cell counts 
O T 1824 concentrations 

• T 1824 concentrations corrected for dye loss 

■ Time of sample withdrawal wna taken 

tVidth of mtuk shows length of tune over which sample was taken 


of dye plotted against time Provided there is no 5,},^ 

concentration there is however very little through tlic 

obtamed by this method and that °btamed by extoap^a^^^^^^^ 
observed dye concentrations plotted ^ams i , , , ^ of marked 

To enable a comparison to be made between th 
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R B C and of dye, we have corrected curve D for dye loss in the following 
manner We have drawn the best straight line we could through the last 
4 d} c concentrations of curve D and assumed that the slope of this is a fair 
measure of the rate of dye loss The observed dye concentrations of curve D 
have each been corrected by adding to them the dye loss estimated from 
the slope, thus obtammg the dye dtluhon curve D 1 

Further to facihtate comparison between dye and R B 0 dilution 
curves such as those shown m Fig 1, we have reduced them to a common 
scale This transformation is shown m Fig 2 The mean value of the 
last T \ alues of the marked R B C counts we have called 100 and expressed 
the earlier values as percentages of this, thus 


Observed marked R B C count 
Mean of last 3 marked R B C counts ^ 

The mean dye concentration of the last 4 dyed plasma samples corrected 
for dye loss we have also caUed 400 and corrected all other concentrations 
of dj^ corrected for dye loss thus 

Observed dye concentration corr ected for loss X 100 
Mean of last 4 dye concentrations corrected for dye loss 
In Fig 2 are shown SIX of such pairs of curves In 4 of the experiments 
those on subjects Vi. Re. Ra and Ba. it is clear that there is close 
correspondence betu een the R B C and dye dilution curves In no sample 
docs the difference between the dye and marked red ceU estimate of the 

ofXln 1 remembered that the errors 

rfvp ow ft estimation of marked red cell and 

SnsiSTw’ by extrapolation, and of hffimoglobm and 

by e ther method is taken as ± 3% (probably too low a figure) then the 

1 w"o mcH difference between a pair of observations given by the 

iwo methods vn\\ he rather more than 4- 4*y Tn ^ ^ x 

IS less good ^ Tlnis^tlmttS^l between the dilution curves 

course ff dlliitio^d.Sr hi as muct 

the Rnmplos of siibiccts Bi find n ^ much as 9% m some of 

.(.iromicc „ thonghl to b« “'“'f cause of the 

fihowm b\ Bi arc such ns might f dilution curves 

m total red cells uerc compIeCm tw^^or red cells 

>n plasma vas cither sprefd over or die but mixmg of dye 

lirst BIX minutes But the first 4 died removed dunng, the 

r'howed npprecmbic cloudiness vnrnnn from 

precise Ro shows the usual form 
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of dye dilution curve but an abnormal R B G dilution curve Tiic latter 
IS also thought to be due mainly to technical error, since m this exponment 
the number of marked to total red cells is about one-half of that m the other 








0 4 8 12 16 20 24 28 32 MIK 


Fig 2 Relative rates of mixing of simultaneously mjeoted T 1824 and marked red cells 
method of plotting see text 

Figures thus -}- 17 = % overestimate of red cell volume by djo hiematocnt metho 
Other symbols as m Fig 1 For meaning of 7 sec appendix 
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expenments , the experiments in mtro quoted m our first paper suggest 
that the error is greater with higher dilutions of marked red cells 

The red cell and dye dilution curves m subject Ba deserve special note 
Before the transfusion of dye and marked red cells Ba had been bled, and 
this appears to have altered the shape of the marked red cell dilution curve 
The shape of the dye dilution curve was also altered m a very similar way 
The form of the dilution curve of mjected marked red cells m the sjrstemic 
circulation depends on the relative volumes and rates of fiow m the senes 
of parallel circuits makmg up the circulation It is easy to explam the 
parallelism between the two curves of subject Ba as bemg due to RiTm1n.T 
rates of dilution of dye and red cells m the circulation, but difficult to explam 
it as being on the one hand due to red cell mixing and on the other hand 
due to dye loss 

Though dye loss does not seem, therefore, to account for the shape of 
part A of the curve, it cannot be said from these expenments that T 1824 is 



I ig 3 Tlie efTcct of a 10% djo loss occumitt during the first 6 mmufop ft 

plotted 08 the results m Fig 2 ‘b “6 me tirst 6 minutes after mjection when 

>' y Onginal marked rod coll dilution cune of subject Ra 

.lilulioi. cnn(f of t b ““ 

aicrngc course of niiMug of marked red ,.o 1 T to represent the 

;Uo IS distributed through pks^t ^ -Us If 

through total red cells, when nlotted ^ marked red eells 

Mill be identical mth the marked red cell dilSfon^ ddution curve 

errors of estimation If now an i^^eonecttd dl ^thm the 

occurs dunng the first 5 minut^ Sir f ® 
bo tlelorinincd in terms of the red ceU dd, J then its effect may 

'I- ml 00,1 o„„„ In r.6 3 B ahoj 

<»*«■ Si:: 
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first 6 nunutes after injection Taking tins calculated curve ns representing 
the curve found -witli a 10% uncorrected dye loss and compuTing it with 
the original marked red cell dilution curve, it can he seen that by the methods 
here used it -would he very difficult to detect small losses of dye of the order 
oi eg 6% of the total injected 


II — ^ThB POSSIBlIilTY OF DYE DOSS IMMEDIATELY FOLLOWING DIF 

INJEOTION 


Ra-wson (19) has shown that T 1824 is strongly bound to the plasma 
albumin m the concentiations in which its is used for plasma voUnno 
estimations, and this strong fixation is thought to account for its very slow 
removal from the plasma The molecular weights of albumin and dye arc 
approximately 70,000 and 1,000 so that dye uncombmed with protom 
might be expected to escape more rapidly from the cuculatioii than djo 
combmed In estimatmg the plasma volume unth T 1824, the dye is usually 
injected either m solution m distilled water or normal sahne Tor a time 
therefore after this injection, dependmg on the rate of the reaction hetuecn 
T 1824 and plasma albumin, there -will be uncombmed T 1824 molecules m 
the circulation which may be expected to escape more readily than those 
bound to the albumm Further it is possible that other proteins, such as 
those linin g vessel walls, may dunng this time compete inth plasma albumm 
for T 1824 


Usmg the red colour filters previously mentioned (1) and 6 or 10 mm 
optical cells it is found that solutions of the order of 0 6 to 3 mg T 1824 per 
100 ml water or physiological sahne have roughly a 10% liighcr optical 
density than the same concentrations of dye dissolved in plasma or serum 
This reduction m optical density m plasma or serum solution is due to 
combmation of T 1824 with albumm (19), and can be prettily demonstrated 
by addmg traces of pure dialysed albumin solution to solutions of dye in 
sahne while the optical densities of the latter are being oteerved m a 
photoelectnc photometer The late of decrease of optical density ot a 
solution of T 1824 added to plasma or other protein contaming solution may 
therefore be used as a measure of the rate of combination of dye and 
protem It should be pomted out that the dechne in density is not ^at 
and though sensitive photoelectnc apparatus was used, the precisi n 
results IS only fair .. 

Our expenments were performed m the followmg way , ^ 

volume (1 to 2 ml ) of serum or protem contammg flmd was p 
optical glass ceU and on the top of this solution a 
(0 01 to 0 1 ml ) of T 1824 dissolved m water, sahne or protein 
Td was floated At zero time dye solution and 
solution were rapidly mixed by gentle inversion ( , 

lastmg over 7 to 8 seconds), the glass cell was at once placed in p 
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Tho nbovo rcndinga nro Tlio above readings aro expressed ns % Final Optical Oansity 

expressed ns % Final 

Optical Density ♦ T 1824/nl^uinin nolooulnr mties of added dyo plasma mixtures 
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photometer, and serial readmgs of the observed optical densitj Merc made 
for 15 minutes or more The effects of fluctuations m the photoelectric 
photometer, and alterations m optical density caused by currents m the 
mixed solution were controlled 

In the table are shown a selection of results from a senes of experiments 
m which the observed optical densities are plotted against tinio Zero 
time IS taken as the start of mixmg For simphcity of understanding, 
though the observed densities have varied betw'een 0 300 and 0 750 and tlio 
thicloiesses of optical cell between 2 6 and 10 mm the final density reading 
of the mixed dye and plasma solution, when serial readmgs have shown 
that this IS constant, is called 100, and earlier readmgs have been calculated 
as peicentages of this , for mstance if the density after 16 seconds is 0 430, 
and the final density is 0 406, the latter is reported as 100 and the former 
106 By this means a general idea of the rates of reactions in different 
expenments is obtamed 

In Section A of the table are shown the effects of temperature on the 
rate of decrease of optical density when small quantities of dye m natery 
solution are mixed with normal human plasma or serum at different 
temperatures At a temperature of about 20° C it is seen that the optical 
density does not reach its final value for from one to tivo minutes after 
mixmg Lowering the temperature to 0° C considerably slons the rate of 
tins process, though the results shown m the table are only approximate 
Raising the temperature to 37° 0 increases the rate of the process, 
equihbnum being reached 40 to 60 seconds after mixing In these 
expenments the proportion of albumm to dye molecules vaned betucen 
10 to 1 and 100 to 1 

To analyse fuither we have compared the rate of tins reaction at room 
temperature when dye dissolved in salme is added to plasma, with that 
when dye dissolved m protem contammg solutions of varymg strength is 
added to plasma To solutions of 20 mg dye per 100 ml of physiological 
sahne were added varymg amounts of human plasma to give albumin/dyc 
ratios varymg between 40 to 1 and 1 to 3 These solutions were incubated 
at 38° C for 46 mmutes to allow combmation of T 1824 and albumin 
molecules When cooled to room temperature, 0 1 ml portions were floated 
on top of 1 0 ml portions of undyed human plasma, the two uere mixed, 
and serial readmgs w'ere made of the optical density Some of the results 
are shoum m the table. Section B 

In the senes of results shown the final ratio of albumm to dye molecules 
was 30 to 1 m all expenments, and hence it may be assumed that the 
absorption spectrum of the final dye-albumm compound was the same in 
all the expenments It is clear from the results shoum that a change in 
the absorption spectrum over a penod of one to two minutes occurs 
imxtures of dye and plasma with dye/albumm ratios varying between 4 o 
and 2 to 1 are mixed with plasma contammg an excess of albumin mo ecu cs, 
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but that as the molecular ratio of the added dye and plasma reaches 1 dye 
to 1 albumin so the change in the absorption spectrum decreases, and rrhen 
a ratio of 1 dye to 3 albumin molecules is reached the change is 
ncghgible 

The change m the absorption spectrum must mean that over the tune 
of the observed change dye molecules are bemg fixed to albumm molecules 
It mil be noted that when mixtures of dye and plasma m physiological 
saline mth dye/albumm molecular ratios of 1/1 are added to plasma 
(containmg an excess of albumm molecules) there is a small reduction m 
the optical density This suggests that m such mixtures, as might be 
expected from the law of mass action, some of the dye molecules are firee 
(or arc loosely bound to albumm molecules), but on addition to excess albumm 
molecules become bound A ratio of 3 molecules of albumm to 1 of dye 
appears sufficient to bmd the major part of the dye, smee on addmg such a 
mixture to excess albumm molecules neghgible change is observed When 
mixtures contammg 3 or 10 or 40 molecules of dye to 1 molecule of albumm 
arc added to excess albumm m plasma, a greater depression of the optical 
dcnsitj IS observed, in all three cases as great as that observed when dye 
in saline is added to plasma Further, when dye albumm mixtures with 
molecular ratios of 2/1 are added to excess albumm m plasma the depression 
of optical density is nearly as great Ilawson (10) has shown by 
electrophoresis and ultracentnfugation that m plasma as many as 5 to 8 
molecules of dye can be bound by 1 molecule of albumm The above 
results suggest that m mixtures of plasma and dye m physiological 
uith dyo/nlbumm molecular ratios of 2/1 or greater, bmdmg of a proportion 
of the dye molecules to albumm is not strong, and that on addition of excess 
albumin molecules there is a rearrangement of dye amongst the albumm 
molecules to give more stable 1 1 complexes This agrees with general 
p iisico-chenucttl expenence, since whether the reaction between dve and 

Ilvnrlir'i « Chemcal combmation or physical adsorption it would be 
expected that the strength of bmdmg uould fall off as the number of dye 
molecules bound by one molecule of albumm moreases ^ 

In assessing these results it must he noted that tho i 

«hon2ormorcdiemolecule3arebZdtTlw^^rm 

of these molecules are labile and could a proportion 

from the albumin molecule bv a coi^,^^ removed 

n.<.o of 1 do. 1 or S 


' more albumm molecules 

IVacticnlh these results are of importance m two ways 


IS a 
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(a) "For a short time after an injection of dye for a plasma ^olulne 
estimation a proportion of the dye molecules may be unhoiuicl or labile 
and therefore more hahle to escape from the circulation than firmly bound 
dye, either by diflusmg through semi-permeable membianes, or by becoming 
fixed to protem other than plasma albumm At body temperatnro our 
results suggest that dye molecules are firmly bound within 30 to 40 seconds 
after mjection and hence m such a short penod no great loss n ould be expected 
from the circulation There is further evidence to support this In the 
group of experiments reported m Section I of this paper mixtures of dj'o and 
whole blood were transfused m which the ratio of molecules of 
albumm/molecules T 1824 was approximately 3/1 The results in the 
table show that there is very httle optical density change (and hence 
presumably molecular change) when dye-albumm mixtures inth tins 
molecular ratio are added to plasma In our previous paper (1) uc 
reported comparisons of red cell volume estimated by T 1824 and by the 
Ashby method first m a group of patients, and secondly in the group of 
normal subjects referred to m Part I of this paper , we also summan/cd 
the results of similar observations made by others usmg other marked red 
cell methods m normal subjects We have smee made further comparisons 
in normal subjects between the dye estimate of red cell volume and estimates 
by a radioactive phosphorus method of markmg red cells (21) and these 
confirm the results obtamed by the dye and Ashby methods 

In all the experiments above mentioned, with the exception of the 
erroup recorded m Section I of this paper, dye was mjected m water or salmc 
solution Supposmg that a considerable proportion of dye escapes when 
unbound dye is mjected mto the circulation, and that this escape is preveiit 
by albumm bmdmg, then the group of expenments reported m ttie firs 
section of this paper should show a significantly Ingher ratio for 

B B C Y marked red cell B m our previous paper, than the other 

mean of the latio of oar 

8 nomola B 0 89 which difieie htUe from the fa™ “ 

om previone paper (I), for the reaulte of Giheon and (“I’ 

Ld others (IS) on normals Assuming that the e^ors f f ® 

test may he apphed to determme the « fornid io 

mean ealoolated for Gibson’s figures and 0 3, uliieli 

he 0 92 for n = «. whieh gives a value of P 

that such a difference should be expected m i 

The difference clearly is not significant 


means 


comparisons 


ISOns xne oinereuuo viicciaj 

(6) By the time samples of dyed plasma have been Itablo But 

and measured, the optical density of the dyed plasma 

m estimatmg dye standards made up at ^0°”^ P ^ equilibrium 
sufficient time must be aUowed for the density to reach its eq 
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value Ofclierwise ^ made up m plasma is measured 

Suppose for mstance that a dye ® ® J ^ obtained and an 

30 seconds after ^ effect mil be the more 

estimate of plasma volume because the slo-wer the reaction 

nohceable the lower the room temper^ ^“^on are required It may 
It will only matter when ® , ^oas fSl These authors using 

account for certam results of Ghapm and Ro ( ) column 

lefly the dye method, found that avemga 8^ /« of the^^eh 

of the hsematocnt spun at 180 g ^e^orted by other authors and 

results are about twice the amount oi tl^ose 

ourselves usme rather less centrifugal forces Such 

on a few occasions before the reaction here descnbed was discovered 


ra-THEOBEHCAL EXAMIKATIOIf OF THE EXTEAPOIATIOK METHOD 

In this section we examme the question, is it possible by so^ anomaly 
of mixing of dye m the circulation or by some defect m the e^apolation 
method U> explain the discrepancy between the ratimates of 
volume by dye and marked red cell methods It is as^ed that the 
marked ted cell estimate is close to the true estimate The estimate of 
red cell volume by the dye method m detennmed fium the equations 

true % hsematoent 

(11 Plasma volume x bmm'at^t 


the estimate of plasma volume from the equation 

hlg dyemjected 

Mg dye found m unit volume plasma 

ulicro the denominator has been corrected for the estimated dye loss by 
llie extrapolation method Hence we are mquirmg whether an anomaly 
of mixing of dye inth circulating plasma or a defect m the extrapolation 
method can cause too low a denommator to be found for this second 
equation In what follows errors of estimation of the dye content of 
plasma samples are neglected, for such errors are msnfficient to account for 
the discrepancy, and should m a senes of observations cancel out 

In onl\ two conditions will an mjected substance that is slowly lost 
from Iho circulation ho unevenly distnhuted m it if snflBlcient time is allowed, 
{«! if ft part of the circulfttion is shut off, so that durmg the penod of 
sampling the substance docs not reach it, or (b) if a part of the concentrated 
ummxcd substance is shut off in a part of the circulation (6) would result 
m an o\ crestiiiiate of plasma volume, but cannot explam the discrepancies 
found m the normal reclining subjects described m the first section of this 
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paper and in onr previons paper, since both dye and red colls Mere micotcfl 
simultaneously, and eithei both or neither should be trapped Hence n 
trapping of dye in one part of the circulation cannot explain n low 
denominator in equation (2) 

With the extrapolation method of correcting for dye loss it is assumed 
(o) that the true rate of dye loss from the plasma is estimated and (1) tlmt 
no other dye than that measured as lost escapes from the circulation The 
loss rate of a dye that slowly escapes from the circulation a 7 id docs not rclurn 
can be determmed from the concentrations of serial samples, provided the 
dye content of those samples reflects the mean concentration of the dye in 
the plasma at the time those samples were drawm It is clear from 
expenments such as those of Nyhn (16) usmg marked red cells and oxir 
results reported earher m this paper, that m the cnoiilation of resting 
recumbent man an mjeoted substance approaches its mean concentration 
a few nunutes after its mjection To estimate the rate of dye loss scnnl 
samples are drawn durmg period B of the curve shoivn m Pig 1, and provided 
the volume of plasma remams constant (or dye concentrations arc corrected 
to constant volume), and the rate of distribution of dye through the cmoulation 
remams rapid, a fair estimate of the rate of removal of a substance that is 
completely removed from the circulation should be obtained Rather an 
overestimate of dye loss than an underestimate would be expected from 
the usual type of curve shown in Pig 1, if dye dilution is incoraplote at the 
time of withdrawal of the earhest samples ^ 

The above argument only applies to the estimate of the rate of loss 
of dye that is completely removed from the circulation never to return, as 
by reduction to a colourless compound There is a second possible typo 
of dye loss, that m which dye is lost from the plasma later to he returned 
It has been shown that after mjections of T 1824 mto ammals the dye 
gradually appears m low concentration m thoracic duct lymph (7, 4, 2) 
If dye passes mto the lymphatics and after an mterval is returned to the 
venous circulation, dye is then m effect distributed through a larger volume 
than the plasma volume Por such a mechamsm to play a part in causing 
an overestimate of plasma volume, first there must be a sigmficant amount 
of plasma dye removed, and secondly there must be a rapid circulation of 
lymph In fastmg, restmg, and reolmmg subjects probably neither occurs 
Gardozo (2) has reported a greater passage of dye tinged lymph through 
the thoracic duct than (7) and (4) In anesthetized dogs with cannulatctl 
thoracic ducts the lymph becomes dye tmged 16 to 30 minutes after a }o 
injection and the concentration of dye gradually rises over the next 2 hours 
One hour after an mjection it may vary m concentration between 5 out 
40% of the dye concentration of plasma drawm at the same time ofis 
with plasma volumes of between 700 and 1,000 ml under these expenmen a 
conditions passed on the average 10 to 15 ml of lymph throng i leir 
thoracic ducts m 30 minutes Supposmg that a total of 60 ml o j e mg 
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lymph IS returned to the circulation m the first hour after an injection of 
dye, having an average dye content of 40% of that of the plasma, in on 
animal mth 1,000 ml of jdasma, then an amount of dye eqmvolent to only 
2% of the total m the plasma is returned to the plasma m that time, and 
can only at most alter the plasma dye concentration by 2% Courtice (4) 
has made careful experiments and reports mnch lower values Thus he 
found that, in 6 dogs a mean value of 0 59%, and m 4 goats a mean value 
of 0 43%, of the mjected T 1824 re-entered the plasma m the thoracic duct 
dunng the first hour after an mjection of dye In fastmg, restmg, rechmng 
man it is probable that lymph flow is slow from most sites, and it therefore 
seems improbable that much dye-tmged lymph will be returned to the 
circulation m the first hour after an mjection Further, if the penod in 
which serial dye samples are drawn is kept relatively short, eg 30 to 40 
minutes, there is still less hkehhood of re-entry of dye from the lymphatics 
It IS clear however that any cucumstances or stimuh that result m rapid 
lymph flow may result m plasma volume overestimates 


It IS customary to assume that the rate of dye loss dunng the “ mixmg 
phase IS the same as that estimated after mixmg is complete This may 
not be quite correct Dunng mixing m the circulation an mjected substance 
mil tend to be distnbuted first through the more rapidly flowmg circuits 
Suppose that the circulation consisted of 2 halves of equal volume, and m 
one half there u as a very rapid flow, m the other a slow fliow Dunng the 
earher part of mixing an mj^ted dye would tend to distnbute itself through 

that^rthf and might approach a concentration twice 

ttiat of the final mxed concentration Supposmg that the removal 
mechanism is located entirely m the rapidly flowmg half and the rate of 
rcmo^I to the oonoeatUon, th<„ oCiy dye ISd 

rtmeod mom ntpidly dunng mmng thou wh^n mj,7» 00 ^ 1 ^ Th^ 

solutions oicr penods of one ’’een «>ur custom to mject dye 

more oienly through the circulatmg bbS'an'd prevenfS 

persisting ® prevent high concentrations 


IV ■ 


-Possninn nn-Kro or ooLounnn iwrar™ nt nyj 

.s thoorcticallj possible that the preselcTof s^^b “ “npimties (11) and it 
in the oicrcstimatc of red cell 4 lume bv 

considerable quantity of coloured imp^t^tb^ ^ « 

circulation is present, this impunty lifl 

«P Ml iifro but mil rapidli escape from fi. standard made 

-otphon m 
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the coloiir filter of the photoelectric photometer or the slit of the 
spectrophotometer used for estimation of the optical density of tlie plasma 
samples If this impurity is solely responsible for the dye overestimate, 
from calculations shown in our previous paper (1) it must have an optical 
density equivalent to about 12% of the total optieal densitj' of the injected 
dye By the capillary test and ohromatograplne methods we haic onlj 
been able to detect small amounts of impurity having the necessarj' spectral 
properties m 2 samples of dye used m these and other experiments It is 
possible that our methods have failed to detect this impurity, but it is 
unhkely that different samples of dye prepared by different manufacturers 
would contam the same amounts of impurity The agreement between the 

Marked red cell R B 0 V 
rallies reported for ^ 1824 hematocrit B B 0 V 

paper (1), by Gibson and others (10), by Hevesy and others (13) and by 
another senes of comparisons (Reeve and Veall (21)) strongly suggests that 
the presence of impurities plays only a small part m the overestimate of 
R B C V by the dye method 


Summary 


(1) No evidence has been found of dye loss sufficient to explain the 
discrepancy between T 1824 estimates and marked red cell estimates of 

red cell volume 


(2) Careful comparison of the changes in concentration of marked red 

ceUs and T 1824 m the few mmutes foUowmg the 

of dye and blood strongly suggests that the imxmg phase of the djo 

dilution curve is m fact due to mixmg and not to dye loss 


(3) At 37° 0 T 1824 combmes rapidly wnth albumin and it is improbable 
that much is lost from the circulation before the dye is bound 

(4) The extrapolation method ignores two possible types of dye los 
but the error so caused is probably very small 


(6) Impunties in the injected dye solutions probably at most 
very small errors 

(6) It IS concluded that the chief ca^e ^equal distnbution 

red cell volume given by the dye hmmatoent me hod is unequal 
of plasma and red cells through the circulatmg blood 
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APBEKDIX 

STAXIsnCAl. METHODS APPUED TO THE BDOOD COUNTS 
For com-emence and rapidity of counting, a unit volume of the hsemoc} tomoter chamber 
BBS chosen containing on an average 80 to 120 ted cells and 0 to 12 such ^oIumeB irere counted 
and recorded for each hsmocytometer chamber esamined The R3 C counts recorded for 
the blood transfused to subject Ws are shorm m the table To place confidence m a mean 
derived from such a senes of counts it is desirable to have some method for testing for 
homogeneity, t e of testing if each of the 8 senes of counts shown behav es as if it wero drawn 
from the same sample It has been shown that the numbers of ted cells of dilute blood samples 


STAnSTtCAI. A^AEVSIS APmED TO BEOOD COUNTS 


Subject ITs Tht nd etlU in 12 unit volumes in 8 aueceasive hcemoeytometeT chamber samples are 

recorded 


Senes 

n 

2 

3 

4 

5 

6 

B 

8 

Totals 

Counts per umt volume 

102 

107 
08 
97 

108 
85 
95 
80 
91 
88 
83 
91 

61 

88 

95 

85 

02 

88 

88 

87 
80 

88 
99 
Ot 

70 

67 

80 

03 

81 

101 

81 

84 

112 

104 

86 

82 



74 
03 

112 

102 

119 

06 

78 

85 

08 

88 

92 

75 

70 

85 
93 
72 
78 
91 
78 
80 
01 
04 

86 
88 

81 

88 

95 

95 

73 

00 

107 

89 

69 

71 

80 

110 


ScncB Total counts 

1131. 

lots 

1050 

1043 

1099 

1112 

1024 

1057 

8564 

Degrees of Freedom 

U 

11 

11 

11 

11 

11 

m 

11 

88 

Sum of squares of deviations 
from Bcncs mean 

733 

1015 



1117 

2151 

545 

2053 

10990 


Mean of all counts _ gg 3 

Sum of squares of deviations from mean of all 
counts ^ 


A^AETSIS or VABIAECE 



alioiit 2 2 

•n.- « c of the total c^nt S5M is best estimated from C thus. 




\ ^ 5 or X 28% of the total 


/o 
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nro distributed tlirough uiut % olumes of hTanccj tometer clinmbcis ns n Poicsoii serirs but m 
the counts shown in the table, and the other counts that we hnic made, m \icw of the lnrR( 
number of cells per unit ^ olume and the small number of unit \ olumes counted per saniplL 
It 18 not possible to applj the usual Poisson technique for estimntmg the nceu^n^^ of the count 
Since, however, the Poisson distribution approaches eloselj to the noironl for large numlicni 
of cells per square, the coimts recorded m each series mnv bo regarded ns drawn from a nontinl 
population Then an analjms of \nnnnce ns described m Section 41 of Fisher (S) Tnn\ 1,0 
applied This consists in calculating two estimates of the population \nnnnro bated 
respectively on the average ^n^latlon withm the scries and the \arintion of the senes menns 
and testmg whether these two estimates differ significant Ij b\ means of Fisher’s ^onan^e ratio 
test (8) If they do not then the different senes of counts mnv be considered homopencous and 
the total innonce of the mdividual count can be used to gi\e a \nlid estimate of flic standard 
error of the total coimt As a check a second estimate of this standard error can be obtained 
on the assumption that the distrihution of indn idunl counts follows the Poisson law, since in 
that case the standard error of the total count is the square root of tho total count Tlic 
analysis of variance, the application of the a test, the estimation of the standard deviation of 
the total count, and tho value calculated on tho assumption that tho red cells arc distributed 
as a Poisson distribution, ore shown m the table In tho cvnmple it can be seen that there is 
no evidence of lack of homogeneity This would be shown if, for mstnnee, the mean square 
between senes was of the order of 300 gnmg a value greater than 2 2 for the variance ratio 
Tlie agreement between tho se estimated from the data and from tho Poisson distnbiit ion is 
nuite good This analysis shows therefore that the samples behave ns if all drawn from a 
smgle ^pulntion, and that the countmg teclmique used hod a high degree of precision with a 
standard error of the order of 1% of the mean 

Similar statistical analyses have been applied to about linlf of all coimts made for tlic«< 
experiments, and rather shorter analyses to the remamder Tliese nnnl^s show that on the 
whSe the red ceU counting teclmique was good Because of the prolonged mental conronlmlion 
requwd m those making the counts, it might be expected that the greater the number of wd 
cehs counted per experiment the more likely would errors in the counting teclmique nrw Tlic 
ureatest number of red cells were counted m the exponmenU on the norm®|8 reported hete, 
^ total red cells counted per experunent bemg of the order of 40,000, and m these experiments 
more errors in countmg technique as shown by the above statistical analyMS were obwned 
Tti TTur 2 of this paper each total count which these statistical tests show to bo open to prater 
SrJr fs LwkS^h a t It w!u be observed that subjects Vi, Kc and Bo showed wtiabietorj 
om^ts on all samples, subjects Ba and Ba showed less precise 

might be omitted Smee. howev er, when all the^ data of „,„eo on 



The agreement between the s e calculated ufesVav o ^ cnlcukled 

root of the total count has been good In no case, ^vl^cn tlm vni«es 
as coefficients of v onation, have they differed by more than ± /o 


( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

(5) 

( 6 ) 
( 7 ) 
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CAPILLARY STRENGTH TESTS IN SCURVY AND THEIR 
REACTIONS TO VITAMIN C AND VITAMIN P THERAPY 


By S LAZARUS, H N MUNRO and G H BELL * 

[From The Western Infirmary, Glasgow, Department of Btochemtstry, the 
University of Glasgow, and the Physiology Department, University College, 
Dundee ( University of St Andrews ) ) 


Two types of capillary strength test have been nsed m nutritional studies 
In positive pressure tests, stress is apphed to the walls of the blood vessels 
by damming up the venous return from the arm with a sphygmomanometer 
cuff In negative pressure tests, suction is apphed to the skiu and this 
“ negative ” pressure is at least m some part transmitted to the tmderlymg 
tissues and blood vessels In both types of test, the ease with which 
petcclual hemorrhages are produced is taken as a measure of the strength 
of the capillary walls 

The apphcation of these tests to human nutritional problems has led 
to contradictory results {see review (7)) At first it was considered that 
thcj could bo used for the detection of capillary damage in vitamin C 
deficiency but subsequent mvestigation did not always substantiate this 
claim More recently, it has been suggested that another substance, 
vitamin P,” may play a part m the nutrition of the capillary walls In 
' icu of these confiictmg opmions, we thought that it imght be of mterest 
to record our experience of capdlary strength tests m 16 cases of frank 
Scurvy who were treated with vitanun C and vitanun P Both positive 
and negative pressure tests were used because, as a previous mvestigation 
(4) lad shown, the two types of test often give discordant results when 
applied to the same mdividual 


Methods and Material 

r-n f”^*^^***^^ tests The iiositive pressure test chosen was that of 

“Ppbed by us (3) In this test pressure is apphed to the upper 
* g sp 1 ^ gmomanometcr cuff and then the peteohise m a given area 


W K Snodgrass for access 

m\i utipxtiftn wns llcmsinir o^ciallj ^ Mrs M L Boss who, at the tune of this 
Wpt, imrMipitrd District Hospital, Glasgow, where most of the 

'll r» llnchc Produrts for Glaxo for a supply of hespendin tablets and 

of iliw work were met he tlie used in this mi estigation The expenses 

lie Kankiu Bcsearch Fund of the Umveisity of Glasgow 
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at the elbow are ooimted A lugli petechial count (moic than eight) js 
considered to indicate impairment of capillary strength The data rciiortod 
here are the mean values of determinations made on both arni't 
simultaneously 

The negative pressure test used was that of Scarborough (10) Tests 
were made on the standard areas of skin defined by Scarborough (area 1 
and area III just below the bend of the elbow, area V at the urist) The 
capillary strength m each area is mdicated by the minimum suction, ni 
mm Hg , needed for the production of one peteclual lu'eniorrhago (critical 
petechial pressure) a fall in the critical petechial pressure is taken to 
mdicate a dimmution of capillary strength Both tests wcio apjihcd ni 
almost every case, the negative pressure test bomg apphed first 

Subjects These fall mto three groups, cases of scurvy and tvo control 
groups of nearly the same average age 


Group I This comprised 16 eases of scurvy (mean age 62 years) 
14 were males (44 to 81 years) admitted to two local authontj hospitals , 
the remammg case was a woman aged 21 whose diet liad been restiicted 
because of gastritis 


Nearly all the male patients had been hvmg for some time in common 
lodgmg houses Their diets consisted of tea, marganne, cheeso, sausage 
and occasionally meat Eight of the patients had no recollection of hai mg 
eaten potatoes, vegetables or fruit for at least 9 to 12 months , C stated 
that they took vegetables and potatoes very mfrequently Two had been 
previously admitted to hospital with scurvy and two other patients ncrc 
re-admitted with scurvy, one 13 months and the other 24 months after 


having been saturated with ascorbic acid 

Tlie chnical picture presented was typical of scurvy wvch case 
Subcutaneous hemorrhages occurred on the calves, the backs of the thig i , 
the dorsal surfaces of the feet, and occasionally on the ^^^eoiis 
coloration and induration About half of the cases 
petechie, but this was never a prominent featoe 
Lre found m the few who had teeth Perifolhcular hyperkeratosis 


observed m only a small proportion 

Haematological exammations were earned out 

known to cause hiemorrhages All cases ^^jj^telct populations 

bleedmg and coagulation times were normal and the plat P P 

were alw^ays w^ell above the critical level for purpura 

In aU cases the plasma ascorbic acid levels and mean 

requirements were compatible mth the Tilasma (1) Saturation 

plasma ascorbic acid value was 0 25 mg per 10 ^ . Tjermittcd , tlie 

Lts (6) were carried out where the plan of jS'dosc m 21 

entenon of saturation was the excretion of one-third of the tes 
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hoTirs (9) The mean quantity required to Baturate the patients iras 6 6 g 
(range 2 8 to 9 8 g ) Administration of ascorhic acid removed the signs 
and ssmptoma of scurvy m all cases 

Group II While the scurvy cases vere being investigated ve examined 
a group of 29 male patients (mean age 74 years) who had been admitted 
to the same hospitals with a diagnosis of senihty or afebnle chronic 
bronchitis They belonged to the same socisl class as the scorbutic cases 
but ate moderate quantities of potatoes and vegetables 

Group III This group comprised 20 healthy elderly men (mean age 
C6 jcars) who, while viaitmg patients m a voluntary hospital, agreed to 
being tested Questionmg revealed that they all ate potatoes and vegetables 
regularly and fruit when available They were exammed m the spnne 
of 1940 


ResuUo 

Most of the cases of scurvy had been sent mto hospital with a diagnosis 
of “ rheumatism ” and none had received previous antiscorbutic treatment 
On admission they were given the hospital diet without potatoes, vegetables, 
fruit or jam Tins regimen, by ebmuiatmg all sources of vitainm C and 
probably aU those of vitamin P, provided a basic dietaiy for mvesfagating 
the effects of vitamm therapy Capillary strength measurements were 
made before begmnmg treatment and at approximately weekly intervals 
tlieircaftcr Appropnate statistical tests were apphed to the data and 
prolmbiUties of less than 0 05 have been accepted as significant 


TABLE L 

JifiUlt oUaintd mth the p<mlm proiure tat tn the three groups of subjects 


1 

Group 

1 

V 

Ivo m 1 
group j 

3J[ean ! 

petechial 1 

count 

Those Bhovnng 
more tbozi. 8 
petechue 

x’test 

I Cnvit or scuivj on 





fldmiMion 

U 

17 30 

71% ) 


11 In patient controls 

2D 

7 83 

/ 

Is 22 

Mfiltors 

1 

19 

1 

/ 




6 03 

1 21% 

I 


— — — 

tte n.™ mmw of 

»hin 11. the non scorbutic patiLts^w TL ® 
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considered to be of any great value os a diagnostic proccduro MeMillnn 
and Inghs (6) came to very mucli the same conclusion With tlic ncgatuo 
pressure test no significant differences mere observed between (lieso two 
groups in any of the three cutaneous areas studied (table II) 

TABLE n 


Beaults obtained with the negatne pressure test «it (he three groups of suljeets dewbed tu the hxl 



Group 

1 

! Critical po 

fcchial pressure m mm Hg 


group 

Arco 1 

Area HI 

fVnn V 

I 

Cases of scuri'y on 
admission 

14 

226 4 ± 100 7 

1 

218 6 ± 106 6 

302 3 i 1 21 5 

n 

In patient controls 

29 

206 6 ± 76 0 

216 0 ± 77 7 

315 2 i H7 8 

in 

Hospital visitors 

20 

222 6 ± 121 0 

223 0 ± HO 2 

431 5 :i: 1118 


Mean and standard do\ lation are stated for each test 

In Areas I and III moan results m groups 1, 11 and HI do not differ signifirnnlh (StiidrntV 
t test) 

In Area V the moon results in groups 11 and HI differ signifienntU , t = 2 li, T 0 02 to 
0 01 The other differences are not significant (Student’s t test) 


Smoe the hospital m-patients (grouj) II) came from a poorly-nouashod 
section of the community we thought it advisable to see whether the tests 
could differentiate the scurvy cases moie sharply from the uoll-nonrishetl 
persons of group III, who may be regarded as average healthy members of 
the population Examination with the jiositive pressure test (table I) 
showed that the hospital visitors (group IH) had stronger capillaries than 
the scurvy cases (group I) Indeed, the mean number of peteebue deebnes 
from group I through group II to group HI Thus the results obtained 
with the positive pressure test appear to bo related to the nutritional status 
of the group The results obtained m the three groups mth the negntiic 
pressure test depended on the area of skm (table II) m the s^n areas an 
III, all three groups of subjects gave essentially similar results Jn area 
the capillanes of the hospital visitors wore significantly stronger than i 
of the m-patient controls and were probably (though not sigmf.cantlj) 
stronger than those of the scurvj’^ cases 

Effect of Ueaiment on captUanj strength 

(A) Am,ri,c Ireatmml The dose of 

mdmdnal coses ftom 200 to 700 mg per doy The = .,i™,sttrcil 
treatment nos 20 days {range 0 to 35 days) ond the meon d 
betn-een mitial and final readings tras <1 0 g treniment 

the signs and symptoma of scurvy ”P ” 
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UeTertheless of the ten cases of scnrvy -who had more than 8 petechiae 
initially -vnth the positive pressure test, only 3 Bho\red a reduction to less 
than 8 after treatment vnth ascorbic acid In the group as a whole, the 
mean readmgs ohtamed with both the positive and negative pressure tests 
were unchanged by ascorbic acid administration (table HI) 

TABLE m 


Effect of lueoTtnc acid admxntatralton on eapitlary strength tn 10 cases oj scurvy 



Positive 
j pressure 

1 test 

Negative pressme test 

Critical petechial pressure 

mnun Hg 

Petechial 

count 

Area I 1 

Area HI 

Area V 

^toATi rcadu^ before ascorbic acid 



1 


adminutratioa 

18 S 

233 0 

218 9 

333 3 

3Iean reading after ascorbic acid 





administration 

18 8 

106 7 

203 3 

376 7 

DiITerenco 

0 

37 2 

74 4 

43 4 


Lono of the diahtencea m the lomst row of this table is statistically significant 


(B) Fitenitn P treatment We administered 4 different preparations 
known to hove ntaimn P activity m gmnea-pigs (table IV) With the 
exception of 4 patients who received hespendin before ascorbic acid, the 
patients had been given large doses of ascorbic acid for some tune Some 
patients received more than one vitamm P preparation 


0 Mt) to i^*k ^ Glaxo ”) was given m doses vaiymg from 

LdkriL h sufficient to stre^en the 

capi ones vhen vitamin P is the tnissmg factor (12) The chanues m 

V g.,. . tagl. SZuy) 

molliod ot (ir«ndTl)'r»S (measoied ly the 

occurring in cither test ^ without improvement 


diiK (iipproxmiitch ® 

full actiMti at a kicl of 17(» r^tL 

per kg on deficient gmnca-p,gs (Bergel 
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pereonal communication ) No consistent changes ■n'ete observed m capillary 
strength 

4 A synthetic chalcone havmg fall activity m deficient guinea-pigs 
at a level of o mg per kg (Bergel, personal communication) was given in 
doses of 1 5 to 5 mg per kg daily to four patients In all four the capillaiy 
strength deteriorated aecordmg to the positive pressure test and unproved 
according to the negative pressure test (areas I and HI) 

On the whole these sixteen treatments with the vitanun P preparations 
lia-v e not provided any evidence of an improvement m the strength of the 
capillaries as judged hj the results of the positive pressure tests The 
mean number of peteciuae after treatment is shghtly hi gher than before 
treatment (table IV) Changes m the. results of the negative pressure tests 
do not occur consistently in all skm areas except perhaps m the case of the 
sjTitlictic chalcone this treatment, however, caused a worsening m the 
results of the positive pressure tests It is not possible to say which test 
gi\es the better indication as to the strength of the capdlanes If we 
consider the negative pressure results m more detail, we find that m clnn 
urea I there is a general tendency for the result to improve after vitamm P 
and this change is statistically significant In skin areas in and V the 
mean differences are not significant IVhen the results obtamed with each 
of the preparations of vitamm P are considered separately, statistically 
significant changes vere not found in any of the skm areas with this test 
If the results for all three areas are combmed the mean difference is not 
significantly different from zero 


TABLE V 

Capillary ilrcnjlh of 14 »uhjccii admitted irtth scurvy and dttmwtd well 


Fosifne 

pressure 

test 

Petechml 

count 


Negative pressure test 

Critical petechial picssure m nun Hg 
I Area m AreaV 


M< nn rt ncling on ndmisaion 
Moan rcnilinp on disclinigc 
DifT* rrnr^ 

“\on. of,hcd.n-,n«.«,„„.o lowest row ol'this labJe ,s stati jicaUy signifidt" 

(C) Capillary <(rcnglh on dtscharoe Tabid V chn-... , 

fnim 14 psticnts prior to disnusil ^ obtained 

t-'-entialh gmiilnr to those ohtjimml j capillary strength data are 
pirinnnenl clinngem the capiUnn <>here was no 

these pitionts vere in fact c^d* ® treatment although 
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Discussion 


With the positive pressure test of Gothlm we have been able to 
demonstrate a higher petechial count in a group of scurv}' cases thou in 
two comparable control groups With the negative pressure test on the 
other hand, differences between the scurvy cases and the tno control groups 
were not statistically sigmficant although the capillaries in slan area V of 
the scurvy cases were probably weaker than those of the hospital Ausitort. 
This want of agreement between the two tests is not surprising in a ion of 
the very low correlation between them (4) Analysis of the data in the 
present mvestigation in which the readmgs are distributed over a mder 
range than was obtamed in 1942 shows that there is no correlation betueen 
the positive and negative pressure tests in mdindual cases — ^they appear to 
measure qmte different properties 

It has been suggested (11) that the capillaries of scorbutic subjects 
suffer from vitamm P deficiency Scarborough claimed that m contrast to 
the effects of vitamm C therapy administration of vitamin P leads to an 
jjjjprovement of capillary strength and this is taken to mdicato a previous 
need of vitamm P The positive pressure test with which the capillnrj 
weakness was demonstrated m some of our cases of scurvy failed to register 


any improvement after the admmistration of vitamm P preparations 

The negative pressure test gave no indication of a special degree of 
oapiUary weakness m untreated scurvy , however, when vitamm P was 
given, m these cases, there was a sigmficant improvement m one sbn area 
(area I) although an adjacent area of the skm (area III) showed no change 
Vitamm P does have, therefore, some effect on capiUary strength, but it is 
difficult at this stage to determme its sigmficance The effect does not 
appear to be lastmg and m skm area I the mean readmgs on discharge ucro 
not significantly different from those on admission (table V) 

The clmical progress of the scorbutic patients was not ^’eAected in 
the results obtamed with the eepdhir stou^h tests ‘^3 

when the patients wore discharged from hospital chmoaHj , 
of the positive and negative pressure tests were essentia y m 
obtamed on admission when the patients were lU and veiy 
It seems reasonable to conoinde that these 

rik why the positive pressure test demonstrates 

scurvy if this is not related to the course of the disease A P 

weakness persists after ohmeal cure with ascor 10 m ^n 

not due to vitamm P deficiency, we are mbjcct 

alternatives, mz , that the capillary wea aLociated with scunj arc 

developed scurvy, or that the '^„,lTcurc can ha 

uxeversible In view of the rapidity rmhkely to be correct 

effected m scurvy, the second alternative seems unhkey 
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The other possibility, that scurvy is more bable to develop m subjects who 
already have some form of capillary weakness, is a more attractive explana- 
tion A constitutional capillary weakness is probably present m a small 
proportion of the population, for, m a group of 346 students studied by the 
positive pressnre method (3), we found 6 with petechial counts which 
remained persistently high despite administration of ascorbic acid and 
vitanun P Although this defect is certainly not the result of ascorbic acid 
deficiency it may make the mdividual more hable to develop scurvy under 
adverse nutntional conditions It is mterestmg to note that a mean petechial 
count of 18 7 was obtamed with the positive pressure test m those of our 
Botirvy cases who needed less than 6 0 g of ascorbic acid for saturation 
whereas the mean petechial count WEis only 9 3m those requirmg more 
than 6 0 g ascorbic acid Although these means are not significantly 
different, they suggest that mdividuals with weak capillaries develop scurvy 
after a smaller deficiency of vitamm C than those with stronger capdlanes 
The recurrence withm a relatively short period of scorbutic symptoms m 
two adequately treated cases seems to fit m with this idea and suggests that 
the mcidence of scurvy m a population may be mfluenced by factors 
additional to the deficiency of vitamin G 


StranuBY 

1 Measurements of capillary strength have been made by positive 
and negative pressure methods m three groups of subjects of nearly the 
same mean age (I) 16 cases of scurvy , (11) 29 m-patients firom the 
scorbutic cases , (HI) 20 weU-nounshed hospital 


pressure test showed that the scurvy cases had on the 
tnH. capillaries, but more than a quarter of them gave results 

ft>^d m healthy well-nounshed subjects The negative 
P uro test failed to differentiate between groups (I) and fH) 

of the ■^tamm C did not consistently alter the strength 

P es as judged by either the positive or negative pressure tests 

to the srorb^!. vitamm P activity were given 

ccid There w without previous treatment with ascorbic 

POMtncpressur^^JIf alterafaon m capillary strength as assessed by the 

as judged bv tlm n ^ shght mcrease m strength m one skm area 

6 - ‘ae negative pressure test 


the results of^fViA^ * scurvy can be obtamed without any change 
fundamental vascular defrot these tests do not measure the 
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THE 3»IEASUREaiEIJT OF THE TOTAL LONG VOLO:ME AND 
BREATHING CAPACTTY 


By J C GILSON and P HUGH-JONES * 

(From Ihe Medical Research Gounctrs Pneumokoniosis Unit, Llavdough 

Hospital, Cardiff) 


The \\ork to be described in this paper "vras undertaken as the first stage 
jn an ini estigation of the physiological mechanism responsible for the 
breathlessness in coalminers’ pneuraokomosis It has been suggested (13, 
14, 17) that focal emphysema, iihich is a common pathological finding in 
such cases, might be an important cause of breathlessness , it might lead 
to impaired lung \ entilation associated ^nth change in the relative proportions 
of the lung volume sub-divisions We therefore began our investagation of 
these cases by atudjnng their lung volumes 


Vanous methods u ere available From a study of the hterature, it nas 
possible to reject man> uhich had proied inaccurate, but it \ras not possible 
to decide upon the rclatne accuracj and simphoity of those most recently 
dtscnbwl, ami our experiments were designed to assess them 

Tcrminologii In this paper ne have used the terminology proposed 
bj Christie (4), -which is shown diagramatically m Fig 1 


CA. 


-vc- 


RxA. 


Ia 


naA: 

>2. 


tanuoBi 


■rwnn kstioton uva 


wsriRMioN uvo. (Kt rest) 

, (ssnwi REsmsrofTf 
ExrwvTcw UDa, 1 

i-Hwwi EXTuanwy level 

meicansr 
(TBiciTrti Noroianu kas»ei£ 




1 iIiinM nt^mtnnrp To Dr C If X ix'nonnecl the gas analyBis and cave other 

rnroorasrmrnt and advice ” «re wdibted for®7ontmwl 
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It should he noted that in this terininologj' Compleraciitarj' ^Vir (C \ ) 
IS measured from the Eestmg Eespiratory Level (EEL) and so inclutlc^ 
the Tidal Air (T A ) Functional Eesidual Air (F E A ) is the amount of air 
remaining in the lungs after a normal expiration 

Plan of expe? intents The paper is diAuded into four sections following 
the expenmental plan Measurements, uluch are described in detail hclou, 
were made in each of 17 subjects of — 


1 Functional Residual Air by two methods vliicli are referred to ns 
the “ Open-Circuit ” and “ Closed-Circuit ” methods respectively 

2 Vital Capacity by two methods The first by simple exhnlntion 
mto a direct reading spirometer (V G simple) the second from the 
traomg of a Closed-Circmt Spirometer (VC tracing) vhen the 
Complementary, and Eeserve (Ev A ) Airs could be sopnrntel) 
recorded 

3 Volunlary Maximum Breathing Capacity {M B C) 

4 Radiological Chest Volume (R G V ) 


The repeatability of a method withm a dnj and from ono day to another, ns noil ns IIk' 
absolute value obtamed on different subjects by the xnrious methods, uas delwinmcd Ti ot 
eKporiments were first made to achieve technical accuracy with the apparalus nnd | 
miin experiment was made m winch two subjects uere 

1947 The mam experiment was designed pnmard\ iti relation to tno mensurcincm oi t« 
FRA as tlT Ts a^Zeot determmttion and one about winch considerable disagtccmcut 

exists 

Rendmaa of FRA wore taken on pairs of subjects each week Each subjoil Imd an 
estn^tio^ one method only m a day, but the experiments ''T*® 
four eatunations by both methods were made within the week, two m the morning 
the afternoon On every occasion estimations were mode in duplicate 

Directly before a measurement of the F B>& on nn> subject, three A'reu!d*bt 

M B 0**!^ VC Mo. 

on the first two days of the week only 

Tl«, 17 w.™ .h,*« » « ' 

encountered in a group of cas-s of pneumokoniosis m South ^ ales coni miners 

Subjects were divided into 4 groups according to the rodiologiinl nppcarnn.-c o 1 1 ir 

chests (sec Table 1) . 

The first group had no radiological 

rediologiciiUy but who Iiad been rejected EH), th^ thm 

‘ certifiable ” coses of pneumokoniosis ( EotIj Tcticmnt (1C) and had hf{'‘ 

gr^p had “reticulation^ on X raj ns ^esenbed bv Hart and A^m 

^certified" with pnei^okomosis (W^^Xc^idwreTcmpbvilJna add^ 
erossly abnormal and had massiv e shadows and evidence i 

of dust reticulation m their chest (Group G A ) „,r„rtnbk sitting po».tion 

All estimations were made with the subjects m “ it is nearer (he 

our case was cLvement smee these subjects were nmbulnto 



TAllLr I 

lUt ul, „/ nm ,»urnt, ,rf.o nrtrd «, rzprr, mental „./,jrr/» The fottent,n„ M the nj the chmeal gratUng ff.fcn tii the Table - 

( „t If I Norm il \of apprreinhli/ more hreathle^a than men of mine age anil bmlil 

f.ra te n- bln, hi ilim'nhti, More ehort of breath on ehmbing hill- than normal men of mine age bat able to keep up u itb them on 



(Note (a) Stibjout 13 liiid no rjiiliologicnl masano slmdows but ib moludod m Group 1 on nocoimfr of his advnnood omphysomii^^ 

(b) In nil mibsoniiout tiiblcH tlio mdioloiripnl ffroups iiro nbbrovlrtlocl ns follow's N = “ nonnnl," B K «n “ early rotioulnt ion, 11 
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I The MEASHEEltENT OE THE FTOCTIOHAL BESIDITAL AIB 

te Chmto (4), m 1932 re™tST J 

different methods ayoiIoMe np to thot time for" ' ^“tag «ilh 

mdir^ay He oonolnded th^f tte tnTSr”"' /''' 

but the bydiogen 

ojromt apTOmeter system ivithout forced bresthm. CiShe Lot 7"^; 
that the Residual Air is best determined by subtwiotinH ^ 

SSiot^ ^ct^onal Residual Air, the latter being measured bTthe g«J 
Sidual-it 3?uiictional Residual Air raihor tL 


of ^ ^ ^ 1 f suggested that m order to remove possible danger 

nitrogen already in the subject’s hmgs could, bi 
Itself, be used as the mdicator gas if a Icno^vn volume of oxygon uas placjl 
in the spirometer He reahzed that this closed-circuit metliod nugl.t 
suffer from errors from both imperfect gas mmng and from the chancing 
volume of the closed lung-spirometer circmt resulting from the subictt’s 
absorption of oxygen durmg the experiment 


Nevertheless, the mtrogen or the hydrogen closed-circiut method 
remained m general use until it was demonstrated experimentally (26) that 
large errors did arise from the changing limg-spirometei A’olnme tho end-point 
of gas dilution was really a state of equihbnum but not wjtli equal gas 
concentration in the spirometer and the subject’s hmgs (“nitrogen Jag” 
effect) This, particularly when the subject’s Punctional ilcsidnnl Air 
was large, made the estimate erroneously hig h 


In 1939 Herrald and McMichael (19) pubhshed a constant lolumo 
modification of Clinstie’s method in which they fed in oxygon at the same 
rate as the subject absorbed it, and used a katharometer to determine ulicn 
gas mixing was complete It was confirmed experimentally (6) that this 
constant volume modification ebminated the “mtrogen lag” error but the 
method was still subject to the more senous errors that arise, especially in 
emphysematous subjects, from mcomplete mixing of gases m tho lungs 


Then Darlmg and others (10) described on open-circuit method of 
Functional Residual Air measurement by washing out nitrogen fiom the 
lungs They claimed that tlus avoided much of the error uhich may occur 
durmg determmation of the Functional Residual Air in subjects uho ha\c 
poor pulmonary mixin g 

Meanwhile, MicMicbael (29) further modified his closed-circuit method by 
using hydrogen once more as the mdicator gas but in a constant volume 
system, owing to the lelatively high thermal conductivity of hydrogen 
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lie claimed that the kathaTometet could then be used for the actual gas 
anaHsiB as •nell as for deternunmg the eud-point of equihbnum In using 
hydrogen, MclMichael incidentally reversed the direction of the indicator 
gas shift, a procedure which would automatically alter the sign of any error 
arising from mcomplete mmng 

These tuo most recent, hut very different methods of estimatmg 
Functional Residual Air have never been directly compared 

TJie closed-circuit method has been generally employed in this country 
and by other European workers (3) and it is important to know whether it 
does in fact suffer from the naiving errors attributed to it, and. if so, whether 
the alternative open-circuit method overcomes them The two methods 
M ere therefore directly compared in the following experiments, though each 
was modified in detail to avoid certam techmeal errors that arise when the 
apparatus is used in the form desenbed in the hterature 


Apparatus and method 

The closed-circuU method The prmciple of the method is that when a 
known quantity of gas is distnbuted m an mcreased volume, its concentration 
u ill fall m proportion to the increase m volume In practice, a given volume 
of helium is introduced mto a spirometer euremt of known volume containmg 
oxygon The subject is sw-itched into the circmt, breathes from the spiro- 
meter for nt least 7 mmutes, or until equihbnum has been attained, and the 
combined lolumc of the lungs plus spirometer circmt is calculated from the 
obsened dilution of the hehum 


by McMicbacl (26) except W „ 

wa* used as the indicator gas Hehum has the advoatecea 

P'r mimite nud r.a,hcd tl.relemfnt, 50° ' 

not aIKiH il I,\ the lunmnp of the spirometer Dumif* readings were 

( U S Ut Wm'.* ' '"‘"'"1,“ """ 'nudibn^um 

voni'' i!» im*! To o\ ot**OTnn SvMi affect the Kath&rometer 

in (li 1 it liirom ttr snl. , ircuit to pre^m CO™a?hmff\T c^ister was inserted 
o- 1 UT in tin miiii rircnit ,Vn ailrmni ino rewbrng it, should anj temporary nse 
till ilnim b\ lilting o suli tube £foi^ **^*“"“8 

silij It inhiil (1 oxte n for 13 minutes piece tap from trluch the 


t s .ppl.. <1 bt ,he Cnmbnihe Srien..fic‘l,„r„„,,,t Compam 


r apparatus this error 
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(4) With the apparatus described a subject showing n slow rate of equilibrium on »}ic 
hatlioromctPr in the firet estimation can bo switched into the circuit filled uiih pim 
0„ for the second estimation before addmg the helium It is then immedinteh npiuirnt 
whether helium has been completely elimmnted from the lungs before slnrtmc tin 
duplicate estimation ^ 

(6) A fixed orifice flowmeter indicatmg on a scnsitno dialrcadmg pressure gauge uns 
used to measure the oxygen in flow when keeping the hmg spirometer circuit eonsinnt 
No difficulty was foimd m keeping the volume constant to within one or (uo himdnd 
c c in 7 mmutes 


The open-circwt method, The principle of tins method is that the 
nitiogen of the air m the subject’s lungs is ■washed out into a spnometei hj 
successive breaths of oxygen The volume of nitrogen thus chmmatcd is 
measured and the lung volume from which it came can then ho found Tlic 
equation used in the calculation of Functional Eesidual Air by tlus inctliod is 
given by Darhng, Coumand and Richards (10) and is — 


Functional 

Residual 

Air 


= (V + DS) (NS— NO) 
alv a — alv p 


C 


where V = Volume reading of spiiometer, D S = dead space of spiromotor, 
N S = percentage Ng in spirometer, N 0 = nitrogen % m cyhndcr ovygen 
used, alv a = alveolar nitrogen % in patient’s lungs at start of experiment, 
alv p = alveolar mtrogen % in sample taken at the end of 7 mmutes oxvgcu 
breathing, and C =• correction for nitrogen excreted from the blood during 
oxygen breatliing 

The apparatus and tost procedure was sunilar to thot of Coummd and others (0) »nd w 
fuUy doserd^ in their paper The only modification, winch is desenbod hero, 5’, 
the alveolar samples are coUeoted Figure 2 is a diagram of this modification and is Inlx^lIcU 
with the same symbols os used by Cournond and others m their popor 

It will bo seen thot the alveolar tubes on the side oromt of the oripMl 

-“p 

through a “ Perepex ” attachment (P) for the rubber mouth piece IM) 

The side circuit ends m a water volve (W) and the rubber mouth piece can bo clamped by o 
large wooden clomp (C) Otherwise the apparatus is unchanged 

Before the start of a test, the mercury m oach Brodio 
chamber of the bottle and the samplmg tube above it, os seen through the mpe 

taps of the Brodxe bottles ore then closed 

Tha test procedure is then the same as that described by side rircuit b> 

7 mmute wasbuig out wnod when the B«|uect 8 ^ complctelj, bubhlmg 

the top VI, and is asked to exhale completely As 8®®^ “ 7 . ““® ^ ® tjv ijowd 'flie Bubjei t 
in the water ^alve (W) stops and the ®®"«‘ P'®^ mto tlw botlli* 

then has to come away from the apparatus, and samples ore take 

.1 >. tt fa mni D. 


oU 0 c j ana 8a*upwo 

fraction of air from the lunge jnanom>tT,r 

Duplicate gas analipsis on each Brodie sample was f®»« ' t test estimation-, of 

apparatus (32) The mean of duphooto ^re made to casiirc the «' > 

the Naper^ntoge m an oxygen cylinder, JX mean 

of the gas analjim apparatus, and all agreed withm ± OZ A oi tim 
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F'S 2 Dmgmm of nh color sampling modification to the open cucmt nppatatns for measuring 
F UA Ucsonbod hy Counuind and others (6) 

B e= Brodio sampling bottles, C = wooden month piecemlamp, FI, F2 = valves, G = 
enpiUno glnas sampling tubes , M = mouthpiece F = “Feispex” block, Yl, V2 « 
mam and side tops , = water tahe 


Tlic results of estimating the Functional Kesidnal Air on the 17 snhiects 
arc Ritcn in Tahlc II 


These results w ill bo considered first in relation to the errors of estimation 
of oich method and secondly m relation to the absolute values found for 
the Functional Kcsidual Air hj each of the Wo methods in the same subject 


.l.n„rT dupbeate estimations on the 

Ui. rr* ex-penmental errors of each method 

«•«» d better to obtain estimates of expenmental error from such 

Is I * 7 ,'7 'T toobtam it from many estimations on one subject, 

nmcl « tmng for the subject, and his 

nmctionnl UoMdunl Air itself mna change over a long penod of time 
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TABLE n 

Duplicate Functional Residual Air readings (in litres) bg both open and dosed cireint methyls 0/ 

estimation 



Subject 

No 


Open circuit 1 

Closed piiTiiif 

Subject 

group 

Day 





Bi 

B, 

Ri 

B. 


1 

1 

4 38 

4 16 

4 41 

4 61 



2 

4 61 

4 03 

4 43 

4 IS 


4 

1 

*1 77 

2 32 

3 04 

3 OS 



2 

2 00 

2 02 

312 

310 

N 








7 

1 

3 22 

3 26 

3 01 

3 01 



2 

2 02 

3 06 

3 34 

137 


8 

1 

3 22 

3 30 

3 87 

3 33 



2 

3 41 

3 11 

3 30 

311 


12 

1 

•446 

3 26 


— 



2 

— 

— 

3 03 

316 


14 

1 

41G 

3 63 

4 08 

4 42 



2 

3 68 

3 00 

3 26 

3 no 
. . 

ER 

15 

1 

3 46 

3 07 

4 00 

4 20 

2 

— 

— 

4 30 



10 

1 


— 

3 18 

■fH 


2 

3 04 

3 32 

3 31 

■Hi 


17 

1 

3 38 

- - - 

3 47 

3 32 


2 

3 08 

3 26 

3 26 

10s 


0 

1 

4 86 

■EMI 

6 36 

610 


2 

3 99 

H9B 

4 40 

4 48 

B 

10 

1 

214 

2 10 

213 

2 30 

2 

2 20 

1 92 

1 89 



11 

1 

3 68 


3 82 

— 

- 

2 

4 76 


4 23 

3 88 


2 

1 

2 77 

2 89 

3 08 

3 05 



2 

3 05 

311 




3 

1 

2 

3 60 

3 48 

3 32 

3 36 

3 34 

3 85 

2 94 

3 27 

GA 

6 

1 

2 

3 66 

3 47 

3 70 

3 60 

3 37 

3 38 

3 31 

3 31 


6 

1 

2 

3 04 

2 87 

2 78 

2 03 

3 00 

3 86 

2 71 


13 

1 

6 30 

6 63 

0 64 

0 42 


2 

6 38 

6 40 




* These two readmgs were omitted wnen 

circuit method fls they resulted when gss annlj-sis was known to bo fauUV 
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From the differences (d) between pairs of observations, the standard 
deviation of a difference, abont an assumed mean of zero, will be — 


(T’d = 


^(d)* 

N 


and hence the standard error of a single observation 


CT 1 = 


<rd 

/"a 


Applying this calculation to the readings in Table II, the standard error 
of a single dctermmation is found to be 186 c_c for the open, and 164 c c for 
tlie closed-circuit method This difference between the random errors of 
eacli method is not significant (Variance ratio at 0 20 sig level) 

In making this calculation two readings for the open-circuit method 
marked mth an asterisk in Table II have been omitted, for dupheate analyses 
on these occasions u ere unsatisfactory owing to a knomi fault m the Van 
Slyke apparatus 


A romploto nnnlysis of \an(uice on the results vrould provide an estimate of error, 
unforl unatoh the missing readings made this impracticable so the equivalent estimate described 
nlwio was used It should be noted that the estimate used, a full discussion of which is giien 
Iq Oalilbcrg (0) assumes that the scatter of readings about the mean m all classes of sul^ects 
IS the name and tJiat the duplicato readings are independent That the latter Bssnmpocm is 
justified in our data was presumed first by the fact that m all cases where repeat readmgs were 
obtnmcd the difTcrenco between the first and second readmgs are (within the sampling error) 
ns oftin posit no os negatnc and, sccondK that m an analysis of variance on the 7 subjects 
in wliom tliem w\.rr no missing readmgs for either method, the ‘ between readmgs ” component 
of innaufo did not crist sign^cantlj m relation to the residual vonance It is of interest that 
111' csliinntc of error in tins analj^is on scicn of the subjects was 21S and 190 c c respectively 
for the two methods, and so gtxes reasonable agreement with the estimate obtamed on all 
siilijrtts b\ the other nnalvais 


,1 "*”9® U IS also of mtcreat to compare the repeatability of the two methods used 

williMiniliirmtiliodscmnloiedbv prsi lous workers Indoingso the same mdex of error muat 
ni .. we have used and giv es SE as 90 c c Birath’s formula 

« ^ ‘r ® difference, m bis formula (q u ) is assumed to be zero) and he 

cstimntini? P r? o/ ''bcb a similar closed-circuit apparatus for 

t vsunwtCB H,%mnnometncaUj Christie (4j howev er, quotes the error 
of istmuile m his wofW and m his renew of that of six previous workers m 

th'it'tho'l iTT rendm^'n””' dsm*® ®nn be approximately related if it is assumed 

will ll nppmximniilv deviation that Christie gives 

1.1 «h®nVialorosl\c«\tr«S4S^^^^^ nmltipljong Cbnstie’s figures 

I.i'-tl!"rin (oui^udanVo'l^l^reTo^^ estimations were made by the open-ciiwnt 

.■..nnvvml.k rstimluc wnU lht remit, “ I”" A 

«; miiMliolK appreximatoh 3 t 

•IW. r oiidh.nv theSD willlieofthcoiriorori^n'^^ ^i « oPPeoximately 

n mil* ‘ oroor or t_o c c , which is in close agreement with onr 
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The relaiton between the absolute values given by the ttio methodt Pkt -» 
giaphically shows this relation Each point leprescnts tlie mean Aalue of ai 
ieading& taken on a patient 


cc 



Kig 3 Mean FRA value of each subject as given by the open circuit method plotted ngnindf 
mean value given by closed circuit method Continuous Imo is that of perfect ngrwmont 
between the methods, while broken hne is that of “ best fit " to the points nml is llir 
regression of “ open ” on " closed ” 


In Fig 3 the line of perfect agreement and the line of best fit for the 
points are both shown We tlunlc that the former Ime is of more interest , 
it would suggest that there is complete agreement between the methods, 
within their random error until a subject has a functional residual air greater 
than about 4 6 htres, after which, the functional lesidiial air appears biggtr 
as estimated by the closed-circuit apparatus 


The methods give remarkably accurate agieement and only dn crgc in 
lecordmg very large values of the ftmctional lesidual air In cases witli ico 
laige values of functional lesidual an the precise figure becomes ot it^ 
practical importance as disabihty is obnous and day to 
Moreover, although m the extreme cases presented here, tli n 
residual air is larger as recorded by the closed-circuit method 
this IS not due to lack of mixmg givmg a falsely high reading, 
and others (5) have supposed, but that the open-circui b » 

extreme values, itself too low (see discussion) 
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DtscvssiOii 

Errors of the methods 8mce efforts have been made to estimate resi- 
dual air or functional residual air m man from 1780 onwards, and as there 
haic always been obvious mcompatabdities in the results obtamed by 
diSercnt methods, it is mterestmg that these two very different methods, 
described here, agree so closely It is proposed to eicamine how the results 
giicn by these methods ate hkcly to relate to the truth 

In estimating the functional residual air m man by gas exchange methods, 
errors may anse from the following five mam causes — 

(1) An equihbrmm state may be reached betw'een the gases in a lung- 
spirometer system which is interpreted as eqnahty of gas concentra- 
tion in all parts of the system which m fact does not eiost (e g , 
“ nitrogen lag ”) 

(2) Incomplete mivmg of the gases may occnr withm the lungs them- 
selves 

(3) Gas estimation may be at fault, (o) chemically, or (5) physically 

(4) The effect of specific physical properties of the gas used as mdicator 
may not be appreciated, especially m relation to those of the blood 

(5) Difficulties may occur in estimatmg the restmg respiratory level 

from w Juch any measure of fimctional residual air must, by defimtion, 
bo made ’ 


Obnouslj , It IS not only essential to note which of the above errors 
arise and their niagmtude, hut also to consider whether their effect is random 

or sjsttmntic, and, if the latter, m which sense it vnU then modify the 
results 

The effects of these five error causes on the two methods will be exammed 
11.-. ouS" Stn 

ftir In nU. olnr narapUng before nnd oftcr the brcathmc “ “ot aliowied 

nnd if not n.tna\c<l will mnlte tbe cslunatcd F n “ «> static efiect 

p IjiR Tlmi us iff clg con be contrallcd throuEh keoDuur^e itself 

In f.s ,lmg HI osi n hns been shown I’S 0) I ^ coartant 

in k.-opm ihe si ,iom eonstnm bj re^ntiL Lw difficulty was ejcpenenced 

m'-tor y ..rihcmiore, wiib the s^t , , “scared with the dial type flow 

a t oiisinni \ olume is lensi important {6) nnd ani nntr from'^tii^*'™® Mceptj of mamfammg 

M lib i inpln's inMou^';”l^F*“‘® l" pn vn'Mt method and will orcur espeeiaUv 

a . t » .U in Mil invMun. important at stematie^?^ With 

< aa in our apparatus 

f O.imati.l and olliera (*,) ^ reversed ' 
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Referring to the graph, Rig 3, the two methods agree and can be 
presumed to he correct nntil the functional residual air is greater than about 
4 6 hires when those of the closed — are greater than those for the open-circuit 
In these cases, the closed-circuit estimates could not be too large , can the 
open-circuit estimate be smsU to the extent recorded, on the explanations 
gu cn in the above discussion * 

The correction for nitrogen excretion during 7 mm oxygen breathmg 
lb of the order of 230 c c , depending on the size of the patient, and error in 
Hub correction together with error of alveolar sampling in the same sense 
might well account for the differences between the two methods, outside 
the range of their random errors of estimate which themselves may be 
increased, when the PR A is above 4 htres Bateman (2) has suggested 
a modification to the open-circuit method to overcome this nitrogen excretion 
difficulty 


It might be argued that circuit resistance would account for the results 
obtained Actuallj the resistance of the open and closed-circuit apparatus 
was onlj 2 6 cm and less than 0 5 cm of water, respectively, at 80 htres/mm 
air-fiow into the apparatus If there wrere any effect it would tend to make 
open results larger than closed, but in fact the effect from such low resistances 
would be negligible 


rUc conclusion from the direct compariBon of open and closed-circmf 
methods IS that these two methods, although very different, give results 
that arc identical for aU practical purposes Thus, there seems no reasoi 
lo abandon the closed-circuit method in favour of the open-circmt if the 
former he used in the modified form desenbed We, ourselves, prefer the 
closul-circuit method for functional residual air estimation, m that the 
rane lorn error of an estimation is smaU, no gas analysis is needed, the apnaratm* 
lb much more portable, it is economical in personnel, and with it duplicate 

hr Hr"! r"** three-quarters^of ar 

N, aflor a period of oxigen brcShincTfil P “ 

performed on the clo«eel-circiiii i elimination curves could be 

Kntlmrome for ^ machine bj using a more rapidly responding 

- n '«Xd f our expenm'ents 

Mihjrct ih-n1)iht\ were incidental to tt»« ^ ^ findings m relation to 

"" “ of dibahiliti, and its relition“S‘'otV of residual an 

npi'rteMl liter “o" *o other functional tests inll be 

"r m Table U, the residual 
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TABLE in 

The rcatdnal atr {Bd A) oj each sttbjcct expressed as a percentage of Ins Mai lung tolumc LruK 
figure in the table for either method was obtained by subtraction of the appropnate rmm mi 
{Rv A) value from the mean of all vahtes of the FRA given in Table III The mean alctelai 
nitrogen value after 7 minutes 0, breathing, from the open circuit determination of RdA n 
given as it has been used (6) as an index of poor pulmonary emptying especially in tmphyitm 
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II The 3IEAStniE'ME>T OF ATTAL CAPACrTY ASD ITS SUB-DIVISIONS 


Vital capacity ivas first stndied m detail m 1846 on a large senes of 
subjects by Hutchinson (22) who defined the term Since then, many papers 
have been published m an attempt to estabhsh its “ normal ” values and 
their correlation mth a vanety of anthropometne measurements 


In a renew of the hterature it is surpnsmg to find the scarcity of data 
on the 1 anation of readings obtained on the same individual at one time, 
or from day to day, over a short penod With few exceptions repeat 
determinations have onlj’ been made on subjects known to be changmg their 
phj Biological state, e g , recovermg from congestive heart failure (30) 

Tilt lack of data anses, m part, from the defimtion of vital capacity as 
llio greatest loluntarj expiration follow mg the deepest inspiration ” 
first gnon bj Hutchinson Most observers have taken three or more 
observations at one sittmg and recorded the largest, others have not stated 
how many records they took 


Peabody and Sturgis (31) m a study of the effects of fatigue on vital 
cnpacitj showed that 40 observations taken every 15 seconds on 6 patients 
with cardiac disease did not show a systematic dechne over this penod 
Chnsdc (4), who accepted Hutchinson’s definition of vital capacity and 
prcsumably therefore recorded maximum values, did pomt out the variation 
obsened in both normal and abnormal subjects when aU obvious factors 
afloctiug (he measurements had been controUed Coumand and others (8) 
used a recording spirometer and showed that m normal subjects the vital 
lapiutj ,s csscntiall} the same" whether the mdividual ^starts with a 
deep inspimtion or expiration, hut they did not state if they accepted the 


If tbo measurement of ntal capacity or one of its sub-divisions h. 

of U Hiimll t-crics of ohsen ntions miTde maximum 

tor t Ik iiKln idmd also to kirtt 

«ti\ and from dai lodaMml^ n A ™®8r«tudc of the variation withm a 
< tu pill siologiini s(n?e ' In^tbr^^ “ 

m of these changes 
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Ohnstae (4) has pointed out that early evidence of loss of lung olnsticifi 
IS obtained by comparison of the vital capacity measurements taken from a 
tracing when complementary air is immediately followed by reseno air iiilli 
that obtamed when there is an interval between the recording of the two 
components In this senes reserve air as part of the ntnl capacitj is com- 
pared with reserve air taken as a separate tracing 

CJonsidermg that the manoeuvre of expiring completely is “ less nnturol ” 
than takmg a deep mspiration, it is mterestmg that Chnstio found tlu> 
average deviation from the mdividual mean less for reserve air tlmn for 
complementaiy air However, the values were not expressed as a pcrccntago 
of the mean value and thus it was not clear whether complemcntar;| air or 
reserve air could be recorded with greater precision Wo tlicrcforo 
investigated this pomt 

No exanunation of the correlation of vital capacity or its sub-tin I'lions 
with other anthropometric data is given The number of subjects was too 
small for this purpose and they covered the range from normal to grosslj 
abnormal The difSculties of predictmg normal values m abnormal subjects 
are however discussed later 


ApparaUis and method 

The readings taken by the two methods have been dosenbed m the oxpormcntal pJnn 
Each SDirometer used for V 0 recording was of 6 litres capacitj The spiromDUTs roulil 
be read to the nearest 10 c o and ware arranged so that they were counter IhroiiBliout 

thew tango of movement , this was achieved by havmg chains of the correct wci^f 

With both simple and traemgs spirometers, each subject was Amnu m 

abnormal subjects, involimlarily, often took eery much longer , 

In caloulatmg the V C volumes from the traoi^. Smte^?csMinnt!>cl hj 

through the bottoms of the tidal air tiS below ?his line In Biihjei In 

‘if krs .< 

w,.b ...» « — 

Me IV pvea the ««lt» of raoordjng 

tZerSotthe si d,Se.„co .n ep.o,-.r 

“^“;e".athoa of — --ri 

The findmge from an analysB ^ method, (that is four 

for whom there are no nussi^ reatoge « „tie«latiol” and fonr " growl} 

normal, three “early tetionlatjon Md ^ „ flptm.. am 

abnormal " anbieota) is given m TaWs V, whem “ 1 

giyep m ^eci-htres 
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TABLE V 


Annhf9tJi oj ranance 0/ chiol circuit V C renitnr^afrom Table T for three subjedofor tcAom there 
veere no wiMin*! rcniingi ( Vmh ^uare values tn d^ct-ltires ) 


Croup 


BR 

K 

GJi 

No ofimbjcrtii 

mam 

3 

3 

4 

SOUTCQ of 
\nnntion 

df 

Meaaeq 

D 


dJ 

3Ieangq 

d.f 

Meansq 

fAtlCntft : 

1 

3 

1 

21776 ' 

o 

17516 

2 

79976 

3 

31482 

Dnjn 1 

3 

787 

3 

628 

3 

2650 

3 

1407 

r / D 

0 


sJ 

i 

6 

1330 

9 

1015 

1 It'-ndings 

1 r«.r J « >' n 
Irmr | jj p 

Rcsiduo 

30 

30 

' 126 

30 

181 

24 

207 

1 30 

76 


( 2 ) 


0 ) 


Troin Table V it is found 

(1) After allowing for the components of variance m the mean square 
\nlue of the table, the peticnt to patient vanabon accounts for 
approMinatclj 05% of the total variance in each group, leaving 
'5% for the error of the estimate 

Taking the square root of the estimate of error (times 100 to convert 
( be square to c c ), the standard error of one observation hes between 
{>5 and 140 c cs in the different groups That is to say there is an 
oicrall rcpcatabihtj of approvimately 100 cc hy this method 
In groups reticulation ” and “grossly abnormal”, the pafaent-dav 
inf eraction exists significantly in relation to the error term, that 
IS to saj . the daj-to-day vanation is different between one patient 

hi;.!' ™ 

of the iKiolcd readings ,s given in Tate VI 

rrom Tables IV and VI it is found 
(I) Tj,™ 

M»>cl-cira»t mctliodB respcctnch (liofc tlintt/” 7 
for (hoclo^wl-circuit mcasurcnicn^on iL «wt thig estimate of error 
sprees veil with that gnen bv the ^^Patients 

Mn,.,o o,p,e..5 .,X it ■" fW' Ikus. 


( 2 ) 
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(3) There is no “ learning ” or » fatigue » effect Mitli citlier method 
as can be appreciated by studying the grand means of the first’ 
second and third readings on all subjects 

(4) If the ratio of the “ between-patient " vanabihtj to the error term 

be taken as an index of the sensitivity of a method, simple i ital 
capacity appears more sensitive than tracmg vital capaciti thou"h 
both are sensitive tests '' 


TABLE 

An am^stsof mnance from all readings of V C in Table V, to compare methods of edmalwi 
V C The analysts was made after pooling the values given on different days by each sidieei 
(Mean square values in deet hires ) j j » j n 


Source of variation 

df 

Mean s(] 

Between methods 

1 

2103 0 

Method 1 
(Simple) 

Patients 

16 

1 

WOOOO 


Error 

34 1 

201 

Method 2 
(Closed) 

Patients 

to 

46100 0 


Error 

34 

112 6 


It AviU be noticed in Table IV that in six out of the se\en abnormal 
subjects with a vital capacity of less than 4 htres, the simple Mtal capaciti 
(corrected means), is smaller than the tracmg vital capacity vherens m the 
remainder of the subjects this is rarely so 


A possible explanation, other than chance, is that vhen using the simple 
method the abnormal subjects not only find it moie difficult to be certain 
of having taken a full mspuntion before inserting the mouthpiece, but 
cannot hold their breath so long as m the tracmg method m ulnch tluv 
breathe oxygen between readmgs 

The above statistical analyses are only justifiable if the readmgs of 
vital capacity are normally distributed or nearly so It therefore seemed 
important to obtam further dnect evidence on tins pomt in order to confirm 
the assumption on which these analyses are made, and to o tain 
evidence on the prmciple of adoptmg the mean of 3 readings rat icr an 


maximum 

To obtam collaborative mformation one other normal 
his vital capacity m batches of 10 to 12 observations over 

weeks until 400 observations had been obtamed Fig i markedh 
Turve from the results It is seen that the distnbution does not marked^ 

differ from normal the Beta moments for the date are Pi, „ . r 
X = 3 66* (S B 0 646) «nd a t®* for 
a porjual curve gave P =s 12 
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VITAL CAPACITY (LITRES) 

1*1^ 4 The dwtnbation of 400 teadinga of the \iut capacity of a smg^enonnalsabjecL recorded 

triiliin 3 iT'pkii The normil nine of equal m'aa and standard deviation is abonn I 7 the 
lintken tine 


It niiould be mentioned that the daily readings scattered, at random, 
about a mean nhich on the whole increased firom one day to another as the 
senes progrcshcd The means of the first, second, third and fourth hundred 
readings were 0 31, 6 36, 6-40, 6-41 Also, it is arguable that this subject 
had mote inccntne to give his maiamum reading than had the other 17 
subjects, and that the normahty of distribution cannot be apphed to them , 
but in that case, if low rcadmgs were cut out, it would be likely that the 
scotter of rcadmgs, m his case, would be less This was not so the SJ> 
was «4 c c about the mean of 6 38 htres 


Hutchmson (22) m 1860 stated that “ the vital capacity of man may 
be considered as a constant quantity ” This conception still persists, so 
that observers assume that the highest value recorded m any one set of 
readings approaches most closely the true value , m other words, that low 
rcadmgs are due to fatigue or lack of incentive and that the distnbution 
of readings should theoretically bo skewed As Gray (15) pomts out for 
maximum breathing capacity, this argument entirely ignores the important 
fact that random errore of measurement exist and that the mean of a group 
of figures IS a more stable value than a smgle maximum figure Moreover 
the actual vital capacity of an mdividual is not a constant qnantily which 
18 approached but rarclj achieved in a senes of tests The true vital 
capaciti constantly fluctuates owing to circulatory changes m the hmgs 
and uc consider that the mean of a group of readmgs is nwre representatiTO 
of the \.tal capacitj of a subject at any one time, especially when ebanues 

m this laluc arc to be studied oicr a penod ^iten clianges 

In conclusion it appears that the simple-method is more reneatable 
the tracing method, but more sensitive probably because it extends tb*. » 
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vital capacity «i abnoimal oases It seems unnecessary to use the trncmf; 
method unless the complementary air and reserve air components of 
vital capacity aie vanted 

For the reasons given ue have suggested usmg the mean, rather than 
the maximum, of a gioup of readmgs as a figuie to represent the iital capa 
city of a subject It is felt that thiee repeat readings are suftieient it tlioir 
range is not greater than 200 c c smcc the repeatability figures show 
reaings difieimg by more than this amoimt should be lery rare in an 
mdividual It may be assumed that incentive is lacking (which in prattue 
IS usually obvious) if the range is greater, m which case more readings an; 
neeessary^ to attam precision for the mean Tins procedure is a de])artiirc 
from that usually adopted 

On this basis, the vital capacity is re-defined as the mean of at least 
three readmgs of the volume of gas expeUed by a subject, betMccii iiiaMniinn 
mspixation and maximum expiration This volume should he corrected to 
37°0 , satmated mtli water vapour, at ambient pressure Tlic subject 
should not take less than about 6 secs to expel the volume at each ohsen ation 

Reserve a^r Smee on each subject three tracings of resen c air preceded 
three traemgs taken as part of a vital capacity whenever functional residual 
air w^as recorded by either closed-or open-circuit method, there were on 
each subject 12 reserve an estimations separately recorded to compare 
inth 12 estimations recorded as pait of a vital capacity Allowing for 
missing readmgs there were, m all, 380 readmgs of reserve air 

Table VII show^s the grand mean reserve air for each group of patients, 

taken alone and after the deep mspiration as part of a vital capacit> 


recording 
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In e\cry case, and in all groups, the reserve air alone is greater than 
reserve air after previous deep inhalation These differences are barely 
significant statistically (P between 0 1 and 0 05), but it should be noted 
that tlie percentage difference between the two types of reserve air recording 
18 greater in the more abnormal cases This confirms Christie’s finding m 
abnormal subjects (4) , but obviousty the effect may also occur m normal 
iiidn'idiials, though less often and to e smaller degree 


Complemenlary air Table VIII shows the mean of four daily com- 
plemciitarj air leadings on all patients inthm a group and the grand means 
of tJic groups 


TABLE Tm 

nneomptfmeiiinnjatr of all tuhjccliwithxneaehTadtologicat group IneaehtiibjectZeomplemcnlarp 
air raliico were recorded daily JoT 4 days 


Group 

1 

Rending (titres) | 

Qrsnd 

mean 

iflt n 

2iid 

3rd 

N 

3 37 

3 32 

3 38 

3 36 

1 R 

3 31 

3 28 

3 26 

3 28 

R 

2 58 

2 60 

2 57 

2 58 

( \ 

I 33 

128 

133 

131 


M»an of all groups = 2 63 


Ihcre IS no endcnce of a systematic change with the order of readm£8 
All aiinIvMs of vanance on the full data of 100 readmgs gave a standi 

o™lltmup? ° this IS 0 4%of the grand mean 


nioroXrJharirrcattf Y 

itu the ob^cr\Ations Hurtado &nd otlipn^ ft^of i 

O'- .1 pmcnlago of the mcin complcmentLv air Inrl ®^^essed 

^tu. that t<„„pJe„„„,,ri air caif be incamred u th 

mrnrniv t linn ft's! nc air wisureu with greater percentage 

'"''“'»~>«''ii«tlv briatcr^ ttinVairtlmn Paticnt ic daj inter-achon 

JMtiinfs Mioiiod , greater Minntion m H ^®™P*‘^*nentan a.r that is, 

'l-r «™,,km™nnTr ’ f™” 


AND HVGH-J0NE8, 

GI—Thb measurement of the voluntary mvmmum 

BREATHTNQ CAPACITY 

irS=fS£~'= 

dynamic measure of ventilation ivas introduced by Hermannsen 
e ®8cwbed the measurement of Maximum Voluntary Hyper-venfilafiou' 
Recently Coumand and others (8) have used maximum brJ?thm/cIp2‘ 

iniz:? TheviT^T for\ij::z 

in^vidual They find that maximum breathmg capacity correlates veil 
Tvith the degree of dyspnoea if tins is expressed by the foi-mula — 


Dyspnceio index « Breathmg Reserve 

MBC 


X 100 


In this formula Breathing Reserve = M B C — the Ventilation Voltime/niin 
for a given state of physical activity When the dyspnoeic index falls to 
below 60 to 70% dyspnoea is usually jiresent 

The voluntary ventilation is used as a measure of a subject’s maximum 
abihty to ventilate the lungs in pieference to exercise or raising the inspired 
CO 3 for neither of these give values as high as the voluntary hyper-\ cntilation 
Maximum breathmg capacity has the additional advantage that it can ho 
measured with a simple apparatus and also in those who are severely disabled 
without causmg them undue discomfort Coumaud and others found a 
mean value of 164 I /mm (S D 28 3) for the maximum breathmg capacity 
of normal subjects (8) 

Gray and Green (16) m a careful exammation of the test on 8f) Aiiation 
Students obtamed a mean of 168 1 /mm (S D 22) They shoved a signifi- 
cant leanung effect in a senes of three tests made m succession and com- 
mented that three tests were apparently msufBcient to reach a “ plateau ” 
Despite tins, they quoted a high rehabihty coefficient based on the finding 
that the error of the method was small compared with the difference beta eon 
subjects 

In this senes a studj'^ was made of the vanations of three readings of 
maximum breathmg capacity at one sittmg and beta con sets of 3 on 
different days withm a week 


Apparatua and melliod 

The M B 0 18 defined as the maximunl amount of air that a subject can Bhift per xosmiU 
by voluntary hypenmoea Tins -was measured oier 16 seconds, it is difrimlt to main mti ft 
TTiftM miim state for much longer The mean of a group of readings is takin as it pits' mini, 
the MBC of a subject 

The simple V 0 spirometer iras used for measurmg MBC No CO* 
was used so that the subject did not suffer from tfcapnoea as the *®®'*'**^ *(,/. njifil 

wheel of the spirometer was fitted with a senes of studs round its pcnphei} so , . 

revolved a senes of contacts were made which operated an electrical counter through a n>B^ 
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TABLE XX 



































































210 


GILSON AND RU0H~J0NSS 


.t wh„h h. .to«d ?£„"■■■“'»» •' «« 

tras made of the number of msfimtioCrtmnnfbW ^ 

breath to be made Resulte aZ 3r^ f- 

■lumScthS s S”^£ 'Jt;? ,t srs,s T "rr" " - 

The Bubjecta were irntmcted to breathe m and out of the spirometer ns dceph ns ikmu.W, 
yet as fast bs possible Emphasis was put on depth An attempt was mode to obtam tlw wil’ 
volume by listening to the speed of operation of the relay m the \ olumo counting oirciiit iliw 
relay operates whenever the pulley moves, whereas the counter docs not record ^til the sinul, 
IS closed Thus, durmg the 5 sees durmg ndiich the subject is panting mto the spiromf ter 
ho IS instructed to breathe either foster or more deeply until the relay is opomting at n moxnmiin 
rate Further instructions can be given during the test to keep the mto nt n moMrtum 


Results 

Table IX gives the results of 98 readings of maxiniuni breatJnng capaottj 
recorded on 17 subjects It is seen that the means for groups “ normal ” 
and “ early reticulation ” are approximately the same, but groups 
“ reticulation ” and “ grossly abnormal ” show a marked deebno , the 
mean of group “ grossly abnormal ” being only 24 6% of group “ normnl '* 
Thus of all the measures of lung volume made on these subjects, the inaMinum 
breathing capacity gave the biggest range of change The grand means of 
the first second and third readmgs on all subjects show no systematic shift 
An analysis of variance from the maximum breathmg capacity results w 
given m Table X From this it was found 


TABEE X 

Analysts of twrtancc from readings of M B O tn Table X omitting subject 10 for whom there 

are missing values 


Source of v ariation 

B 

Dn> 1 

Dll} 2 

Mean sq 

rfinn «q 

I 

PfttientB 



10,701 0 

( Bcadings 

Error ■{ 

fileBidue 

B 

B 

Oil 


1 Aftei allowing foi the components of vanance the i armtion hetivttn 
the patients accounted for 97 5% of the total vanance and tlic error 

of estimate only 2 6% 

2 The standaid enor of a single observation = 751 /mm 
J Theie was no evidence of a leanimg effect 






measubement of lung volume 


It IS seen that thoi^gh the range observed in this group of subjects is 
lareer for maximum breathing capacity than for vital capacity or com- 
plementary air, the error of a single estimate is also relatively increased so 
that the percentage of the vhole variance due to the error of the method is 
es'entjaUv the same for both maximum breatbmg capacity and vital 
capacitj Thus, both methods are equally efScient for obtainmg a quantita- 
tne estimate of the individual, though of course this statement has to be 
considered m terms of the relationship with other observations of them 
clinical state 


In view of these findmgs, it is of mterest to compare maximum 
brcatlung capacity with vital capacity and complementary air for if the 
correlation is very high, the measurement of maximum breathmg capacity 
maj not he uorth mal^g The correlation coeflScient between maximum 
breathing capacity and vital capacity is r = +0 826 and between maximum 
breathmg capacity and complementary air, r = -I- 0 854 for all subjects 
Although these correlations are significant m themselves, they are not 
significantly different However, it is possible that the closeness of the 
correlation is principally due to a high correlation between complementary 
air and Mtal capacity (r = + 0 89) The partial correlation between 
maximum breathmg capacity and vital capacity with complementary air 
laluc held constant is + 0 283 and there is a 15% chance of this bemg zero 
TIic partial correlation between maximum breathmg capacity and 
complementary air with vital capacity held constant is + 0 465 and there 
18 only a 3 5% chance of this bemg zero Thus, it appears that there is a 
significantly greater correlation between maximum breathmg capacity 
and complementary air than between, maximum breathmg capacity and 
ntal capacity T^ fits m with the findmg that the reduction m comple- 
mentary air IS greater than the fall m reserve air m the more seriously 
disabled groups of subjects However, m neither case is the correlation 
sufficiently high for useful prediction of maximum breathmg capacity from 
Mtal capacity 

It IS a sinking feature of those subjects with impaired lung elasticity, 
bronchial obstruction, or a ngid chest wall, that a vital capacity recordmg 
mai take up to 60 seconds or more to complete, as compared with the 
normal 5 to 15 seconds Fig 5 shows traemgs from two subjects both with 
approxiniateli the same vital capacity, but mth a maximum breathmg 
^"^paclt^ of 20 1 /ram and 100 1 /ram respectively In subjects such as 
tbe«c it IS clear that the vital capacity may give a very nusleadmg mdication 
of tilt icntilaton function of the lung 

In conclusion, the abo\ e results confirm the work of Gray and Green (15) 
lit the measurement of maximum breathmg capacity may be a valuable 
o ling function The test is of the same “ efficiency ” as vital capacity 
i loup 1 our jnticnts showed a bigger difference m their maximum breathmg 
‘■'I*''!! y ^ith incrcasmg disease than in their vital capacity the random error 
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of a maninum breathing capacity detennination iias also larger It is a 
dynamic test and hence is probably more closely related to e\crciso tolerance 
than 18 vital capacity , evidence on this pomt on a gioiip of cases of 
pneumokoniosis wdl be pubhshed later 



SUBJECT 1. 


SUBJECT 2. 


F.g 6 Spiromater tracings showing a 

® msBs^d by VO, and functional t; S.th adenne-e^ 

approximately the ssma vital cnpaci^ (3 lit re^rd this Mtal capocitj so tliftt 

komosiB and soma b-oaohospasm, needs over 1 ^ ™ roflected bv hw mnxmiiim 

m exercise only a small proportion is availabe w,»ii ino 1 nor mm m Subject - 

(Horiaontal reference lines represent 100 ml, vertical roierei w 
intervals ) 

Like Vital capacity, maximum 
fiom the subject, but m our experience this has n p 

With the apparatus described here, Lximum volume is attained 

reqimed to ensure that the optimum rate for ^ ^,^, 1 , needed 

The appaiatus is capable of fuitlier deve of the test maj ho reduced 

by the observer, m which case, the random error of the test m j 
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Ma'amum breathing capacity is a simple and portable test and causes 
the patient, even though ill, no discomfort if it is recorded over 15 seconds 
as descnbed 


IV — ^ThE 3IEASiniEME>*T OF THE BADIOLOGICAL CHEST VOLTTaiE 


One -well recognized hmitation to the use of measurements of the 
sub divisions of the lung volume for assessmg disease is the very wide 
scatter of values in the normal population Often, m an attempt to 
overcome this difficulty, the measurements m abnormal subjects are es^ressed 
us a percentage of their expected normal value which is predicted from 
independent physical or radiological measurements 

Unfortunately, pubhshed work {22, 20, 28) shows that the correlation 
coefficient of limg volume sub-divisions mth anthropometric measurements 
upon 11 Inch predicted normal values are based, vary very indelj’’ indeed m 
different groups of subjects, even though age and i\ eight are allowed for, so 
that it IS erroneous to apply a correlation rejiorted for one group of subjects 
to another This is a senous limitation 


Aslctt, Hart and McSIichael (1) related the sub-divisions of the lung 
lolume, for a sample of normal South Wales coalnimers m whom we are 
intCTcstcd, to different anthropometnc measurements They found the 
highest coirelahon with total lung volume was that of the radiological 
chest volume (r = + 0 8) while the highest correlation with vital capacity 
Mas that of stem height (r = + 0 78) 


In then- uork thej remark on the hmited use of prediction formulm 
or estimating abnormahty m tndtuduals owmg to the maccuracy of the 
predictions If, however, it uere possible more accurately to predict total 
ung lolumo, much advantage would be gamed as then residual air could 
capacity measurements uhich are easily made on a 
tofmd n of experiments, therefore, an attempt ivas made 

suico ih measunng the radiological chest volume 

f-ouU . " ““ 


\ ml* tX mTu P of I'h inspiration were taken tnth the 

PrPMoim workers mcnliw™d bv a pelvimeter as described 

or^ttmgTtnitTa^^ P'" Greater error 

at "II, i,^ pi^, ‘nR'lli''*^mt*or “ P’aouuetce tbe whole area bemc measured 

f-- ,U. ^„U.o r„. .be 'TAiS aubtract^XTarg^ 

tu R P \ *1 



214 


GILSON AND HVGH-JONES 


ReaxiUs 

It was found that by using internal pkniinctrjr, as described 
measumment of choat area from the X-ray cordd aasrly be repeated £ 
i ^ That IS, erroi fiom this measurement is very small 

On the other hand, cahper measurement of the chest AP dmmefer 
cannot be made with greater accuracy than withm 0 6 cm m 26 cm vlnel. 
IS the average A P measurement 


The most important source of variation between repeat estimations of 
radiological chest volume m an mdividual, was found to he due to mnation 
between X-rays— presumably due to the subject not always heme at full 
inspiration ° 


Fiom an analysis of variance of the 4R readmgs of radiological chest 
volume m 16 subjects into “ between patients ” and “ between X-rays ", it 
was found that taking the mean of 3 X-rays gave a standard error of 68 e c m 
chest volume estimation or, alternatively an error of 71 o c if the menu 
of only two X-ray volumes is taken Thus, talang a mean of 2 films gnes a 
radiological estimate comparable in error to that of measuring the total 
lung volume physiologically (see Section 1) 

It IS felt that it IS unhkely that any improvement in the methods of 
recording total lung volume radiologically or physiologically will lead to a 
much greater correlation between the two than has been recorded already 
in the hterature 


Discusston 

In decidmg on lung function tests for a group of South Wales coalminers, 
(foi which the work was prehminary) it is possible that re-testmg will be done 
over a long period of time , m this case many lung volume obscivations 
such as vital capacity may be of more use than m general medicine, in that 
subjects will provide then, oivn control and the problem of prediction of 
“ normal ” values wiU not arise 

The use of ” normal ” values for an individual, which are predicted from 
regiession equations determmed from a “ normal ” sample, have been 
generally unsatisfactoiy, although much work has been pubbsUed about the - 
method One reason for this is that the hkely accuracy of the 
value is so often not stated It is presumed that if vital capacity w 'Jg * ^ 
correlated ” inth another anthropometnc measurement, the ‘ normal 
value predicted from tins measurement wall be satisfactory Aetna j, le 
error of the predicted value mcreases veiy rapidly indeed as the comm 
decieases This point has been so often overlooked that it . 

and illustrated here The maccuracy of estimate is a fime^n of ic r 

variance O'r, about the regression hne and th is is / l-r^ times ic . 
of the dependent vanable (24), Tins function m plotted agai 
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in Tic 6 and from this it wiU he seen honr very rapidly the possible range of 
the predicted normal value increases with decrease in the correlation on 
nhich the prediction is placed 



Fip fi Graph of i'l~^ r’, which w a fun''lion of the residual scatter about o regression line, 
plotted ogaiiuil t he correlation i.oefHac nt (r) For a gn en scatter m the dependent \ anabic, 
the mnecuract of a predicted normal taluc for the lung volume of a subject mcreases 
rapidl} with decrease m the correlation of that lung toltuna with anj anfhropomstnc 
in'asurcmcnt on which the p"cdiction is based 


Thus, an-v anthiopomctrio measurements are unhkelj to he of much use 
»n (Iio prediction of lung lolunie m tndividiiah, unless they are correlated 
1 cn litgliij indeed Tor cvample, the error of prediction of vital capacity 
•with the highest correlation reported, is such that unless the observed 
figure diflcrh from the predicted hy more than 20%, abnomahty cannot he 
regarded ns likch (1, 21) 

buimiBY 


1 \ detailed comparison of a bchum dilution and a nitrogen elinuna- 

tinn method for measuring the functional residual air has been made on 
1 1 subjects with pncumokoniosis and 4 normal males The results of the 
two methods agreed within their random errors (S E approx 100 cc) 
up to an fimctionnl residual air of 4 o htres The hehum dilution method 
IS prefoTTed 


2 \ Kal capiciU can be measured at least as accurately with a simple 

spiroimtir ns from a spirogram (SE approx 100 cc) Evidence from 
.s • rvidmgs oil U s„ hjeets and 400 rcadmgs on one other sabject lead to 
ilic re-defimtion of iitil capaciti ns the mean in place of the luaxunum of a 
Mnis <,f obscn itiniis Complcmcntarj air can be measured with greater 

!Z; “"r 

mori is^ pf piiciiinokoniosis ° 

1 The use of ndmlogical chest lolumc for predictmg “normal” 

g„c» for ,l.o ,cc^j of ,ta SLC 
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4 Maximum breatlimg capacity (SE approx 8 htres per mm) 
showed a greater degree of change than vital capacity m pneiimokonio<!is, 
but both maximum breathing capacity and vital capacity arc cqtinlU 
“ sensitive ” tests- 

6 The expenments suggest that vital capacity, maximum breathing 
capacity and residual air as a % of total lung volume may bo useful 
in^ces of disturbed lung function m coalminers’ pneumokoniosis 
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THE LABILE NEUROGENIC COAIPONENT OE HYPERTENSION 


A COMPARISON OP THE EFPECTS OP TETRA-ETHYL-AMaiONIDM 
BROraUE AND A RAPIDLY ACTING BARBITURATE (SECONAL) 

By J L PREW* and M L ROSENHEIM 
(From ihe, Medical Unit, Uniiersity College Hospital Medical School ) 


The blood pressure of bypertansivc patients sho-vrs mde variations as a 
result of external stunub and emotional disturbances This labihty has 
long been rccogmsed (T, 4, 10), and wide use is made of the terms “ casual ” 
and “ basal ” blood pressure , the former signifymg a chance or mitial 
reading, ulnlo the latter imphes a reading taken under basal conditions 
Tlicrc IS no standard method of recording the blood pressure of hypertensive 
patients, and, in the absence of details of the labihty of the pressure in in- 
dividual patients, it is difficult to interpret or compare many chmcal reports 
on liiTicrtonsion 


The Jomt Report of the Committee appomted by the Cardiac Society 
of Groat Britain and the Amencan Heart Association m BSO recommended 
that tlic basal blood pressure should be determmed under the conditions 
n-,cd for estimation of the basal metabolic rate Alam and Smirk (2) recorded 
the blood pressures of pat cuts sittmg at ease Hammarstrom (10) prefers 
to take two-hourh readings throughout the twentv-four hours, m the 
re‘(tjng patient Sedation \sitli barbiturates produces a basal reading 
compnriblc to that obtninmg m normal sleep, and the Am\-tal test 

Ti tm 'Tr l"' mvestigation of hj-pertension' 

nrorpialrTn"",” (T E A B ) has recently been shown to 

obt nod uJt ^ ir In-Pertensn e patients (15), and the results 

IMtunts pnnr ro';pl^e 

!•. of greater olmical dTTr 

the 

!•> Mibieotid strain ubich is beheied tophi'” ® '^hich the vascular bed 
-.noiardanugo esp^iaih Uio Jdii: 
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In patients with hypertension, labihty is as much a t n 

diastohc as it is of the systohc pressure even thoueh thn atinni i ^ 
Ch™g« less, and a Jord ofL basal dTtot 
m^snre, than does a oasnal reading, of the contmnons strain on the ertemC 


diastohc pressure is hJcely, tlierefore, to be of prognostic 

Hammarstrom (10) LTlionii 

mth the lowest reading obtamed during twenty-four hours’ rest If furtlicr 
e^dence can be provided to show that, using different tests, identical readings 
of nunimum pressure are obtained, there will be reasonable grounds for 
asBumi^, not only that these various methods remove the same element 
in hj^ertension, but that the remaimng or basal pressure is of real sigmficanco, 
and that it is probably dependent upon a different mechanism 


This papei presents a companson of the rmmmum diastohc pressure 
readmgs obtamed m a senes of hypertensive patients by the use of tetra> 
e y -ammonium bromide (TEAB) and Seconal (Sodium propyl moth}l 
carbmyl allyl barbiturate), and is not concerned mth the value of either 
drug m assessmg the suitabihty of cases of hypertension for splanobmcectomy 
Seconal, which has a shoit duration of action, was selected in preference to 
Amytal because it is more rapidly effective 


Methods 

(a) Patients investigated Forty-one patients, found to have lij^cr- 
tension on admission to hospital, were mvestigated with both T E A B and 
Seconal 30 cases of hemgn essential hypertension, 6 of malignant 
hypertension, 6 of chrome renal disease and 1 case of acute nephritis Two 
patients -with benign hypertension failed to fall asleep with Seconal, while 
one case of mahgnant h3Tpertension had a severe reaction foUoiving T E A B 
The response of the remammg 38 patients to both drugs is analysed Other 
hypertensive patients have also been mvestigated with one or other agent 

(b) Blood presswe records The blood pressure was usually measured 
with an aneroid sphygmomanometer, winch was frequently checked against 
a mercury column The diastohc pressure ivas recorded at the level of the 
disappearance of the sounds, smoe Steele (18) has shown that tlus corresponds 
more closely ivith the true diastohc piessure recorded by intra-artorial 
manometry The foUomng terms are used m tins paper — 

(i ) Initial blood ptessnre This is the first pressure recorded at the 
start of a senes of readmgs It vanes m the individual patient uith prenous 
physical and mental activity and may show considerable variation from daj 
to day 

(u ) Besting blood pressw e This is the pressure taken wuth the patient 
resting under basal conditions and was measured, m most patients, prior 
to the adnumstration of T E A B 
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(m) Mintmum diasfohc pressure (MBP) The nunimpm diastolic 
pTCSBQtc with either TE^B or Seconal represmts the lo^rest diastoho 
pressure recorded while the patient was under the influence of the dmg 
(c) Tetra-eihyl~ammomum bromide (T E A B ) With the patient re- 
cumbent m a quiet room, the blood pressure was determined at five minute 
intervals until a rcstmg level was reached The T E A.B was then injected 
into the antecubital vein of one arm, while the blood pressure was recorded 
at half-minute intervals m the other, until the niininm Tti reading was passed 
This usually occurred withm five minutes and the blood pressure was then 
recorded at minute mtervals 


The T E A B , m a solution contaimng 100 mgm per c c , was injected 
oier a period of 30 seconds The usual dose was 600 matn It has been 
shoum that the average fall in pressure does not mcrease with doses above 
this loicl (7) In a few find or lU patients a smaller dose has been used 
Onlj one untoward effect was observed The blood pressure of a 
aged 64, with mahgnant hypertension, fell to below 60/60 mmJB^ with 
signs of cerebral anoxia This alamung reaction, responding immediately 
to the injection of adrenahn, has been desenbed m ninnlnr cases (14) (16), 
and has been regarded as a toxic effect (6) Adrenahn was always kept ready 
for use in the e\cnt of sinular reactions 


The minimum diastohe pressure recorded was taken as a measure of the 
effect oftho TE A B This minimum level is transitory The subsequent 
rihe raa.\ be due to compensatorj mechanisms mitiated by the &U m pressure 
for m patients with pheochroraocj-tomata, the mjection of T E A B results 
in a markeci nse of blood pressure, presumably due to an excessive 
hhorwtion of adrenalin (12) 

(rf) .Seconal With the patient m his own bed, m a qmet room, the 
imtm pressure was record^ and the Seconal given with a dr^ht of wter 
The hloo.1 pressure was determined at five mmute mtervals Mtil a M 
liiHc line was obtamed or the patient roused The minimum diastohe 

mmZm7i^:;re''" 

J »on. on™ .oL,,r III patamta. 


xwrkere (14) (15) previously reported by other 

teas 
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fall below the resting level occurs In patients with a moderate dc<»rcc of 
hypertension, with a raised resting diastohc pressure of 90-110 mmHg, 
a considerable fall is usually obtained In hypertensive patients mth a 
high imtial diastohc pressure the type of response vanes In some there is 
a large fall of blood pressure (Curve Ic), whilst in others the fall is sninll 
(Curve Id) 



Lyons and his co-workers (14) maintain that the extent of t^ decrease 
in diastohc pressure is largely dependent on the untial elevation, bu , in our 
expenence, it is impossible to predict the extent of fall in patients inth an 
elevated initial or restmg diastohc pressure 

The foUowmg table of the average and percentage falls m relation 
to the initial diastohc pressure, emphasises the wide vanabibty o reap 
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In all patients, whether hypertensive or not, a sharp rise m both systoho 
and diastohc pressnres accompanies the apphcation of the tourmquet and 
inecrtion of the needle Tins “needle response,” -vrhioh is shown in all 
ctnvcsinFig 1, appears to be emotional in ongin It has been ignored by 
other oliseners and maj evplam the occasional failure of the diastohc 
pressure to fall after the injection Apprehensive patients, too, may not 
respond mth a fall and maj' even show a nse of pressure above their restmg 
level Tins IS probably due to an evcessive release of adrenahn which has 
been shown (1) to almlish the depressor action of TE AB 



rt>, 2 Four t%T)ionl rurve* 
of S»ron!»I wero f»i\ cn liv 


rui-kpii oi oinsioiie pressure foUowinc 
Ri\ cn bv mouili after the mitml reading 


{h) Srconal The patient ,s usuallj asleep withm 15-30 mmutes and 
.ml, ,1 ™ ”h"m'r,"ho for*’''.'!? ”1"'”*""' •” 
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loitial 

Diastobc 

Pressure 

No of 
Patients 

1 

Average fall 
Diast Press 
mm.Hg 

Eange 
mm Hg 

A\emgo 
% fall 
jDinst 
Press 

Range 

Fall 

90 100 mm Hg 

B 

« 

IGGmmHg 

1 

— 4 to —29 ' 


—4% to —3'-.% 

110 129 mmJSg 


26 6 nun Hg 

——10 to —42 

20 1% 

— 8%to-%% 

ISOxmn Hg and 
over 

m 

30 3 mm Hg 

—10 to — 48 

10 6% 

-7%to-37'J., 


The depth of hypnosis is not great, for, even tliough Ciieyno Stokc‘« 
respiration has occasionally been observed, the patients can at all stages be 
readily lOused Occasional patients have complained of disturbing dreams, 
which may account for a failure to secure a maximum fall MacWilbam (10) 
noted considerable variation m blood pressure durmg distuibcd normal 
sleep, and ascribed this to dreams and mghtmares Occasional patients do 
not fall asleep quickly and, m these, the fall of blood pressure is delajed 
Two patients failed to sleep even with a dose of six grams 

The discomfort of a full bladder will maintain the blood pressure at 
lugh levels despite diowsmess, and, m these cases, the pressure fo^ mpidl> 
once the bladder has been emptied The pressor effect of a full bladder ms 
been observed m patients with spmal cord lesions above the level of T ( ), 
and has been reported m oases of essential hypertension (5) It has elso boon 
observed by us to prevent a faU of pressure tu a 

the inieotion of T E A B , but this pressor efieot is obohshed by T h A B 
( 0 ) Oouiponsoa of T S A B md Seconal With '■‘'■tr 'Irag there .« 
no rdation between the initml and minimum drasloho pressures f” “ 
reSio pressure, the faU that may foUow the 

cannot be predicted It is of aU the ™ I tao 

minimum diastoho pressures obtamed m any indivi p 

methods are closely similar CpooTial 

In Eig 3 the minimnm is ohnonsly 

oftt 

by the two methods 

of 38 oases tested with these two drugs — 

„ showed a diBerenee of 3 mmHg or less he^ * ^ 

gishowed adiileruneeofO mmHg 

29 showed a difierenee of 10 mmHg or ^ Wueen the 

In four oases there was a difference o 
two M D P’s Two cases showed » to W6/70 and 110/76 mni Hg 

TEAB, while with Seconal they fell only to 1 ; 
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In the first case, the minimum pressure obtained mth T E A B on another 
di) ins 122/72, uhile in the second case, TE AB given dunng Secona 
hi pnosis led to a fall to 80/56 mm Hg 



SO 60 70 80 90 100 110 120 130 

Minimmn DlanoGc Pr«»Qre with TE.A6 
mm H? 


I ip 1 Cotnjwnfoiv of minimum dinsiolic pressutvs obtained m 38 hypertensive patients nsine 
S’«uu\Un<lTV All 


In llip other luo esses the Seconal response iras greater than that 
nhtnmcd n ith T E \ B , a difference probably due to emotional factors 
In one (he rc«tinE (ImMohc i)rc«sure of 76 vam BTg rose to 100 mm Hg -mtb 
rii \ II while in the other dilficultj wis encountered with the injection 

In Fcsui pilitnii TE\B wns injected dunng Seconal hypnosis 
in onl\ one cii^c (of malignant hypertension) was an 31 DP recorded 
totiMdrnhU lower Ilian that obtained with either drug alone 


The com I ition t an w clJ be «een in the following short case reports winch 

™::;i if::;!;;™”""'"'"" ■>' 
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Seconal Lower than TEAS Seconal Higher than TEA B 
Difference in Minimum Diastolic Pressures in mm Hg 


Fig 4 Distnbation of diffeTencea in nummum diastolic pTcssuies obtained with Bcconal nnil 
TE AB 


Coat 1 C G , a housewife aged 37, was admitted on 26th July, 1947, complaining of bovoio 
occipital headaches, giddmess, breathlessness on exertion, pain in the left shoulder and noctiimnl 
frequency of micturition for three years Examination i^owed a blood pressure of 208/132 mm 
Hg , enlargement of the left ventricle, retinal changes of moderate seientj, but normal renal 
function 

6th August, 1947 Initial B F 208/132 mm Hg 
AfterTJEAB 114/84 

7th August, 1947 Initial B P 206/130 mm Hg 
After Seconal 114/82 

Cose 2 E H , a stenographer aged 64, was first admitted on 20fh November, 1944, 
complammg of tiredness for 8 months, breathlessness and palpitations for 6 months and 
unsteadiness on her legs for 1 month Her blood pressure was 238/139 imnHg, her fundi 
showed early arteriosclerotic changes, there was no cardiac enlargement and the renal function 
tests were normal She was treated with potassium thiocyanate, and has remained imdcr 
regular supervision since, with complaints of precordial discomfort and giddmess on 
Her sj^tolic pressure fiuctuated between 210 and 260 mmHg , and her diastolic between 128 
and 160 mm Hg She was re admitted to ho^itnl on 11th October, 1947, when her blood 
pressure was 210/140 mm Hg , her fundi showed more advanced changes with o retinal venous 
thrombosis, and there was shght impairment of renal function 

14th October, 1947 Initial B P 216/128 

After A B 140/86 

16th October, 1947 Initial B P 264/124 
After Seconal 146/94 


(The curves m this case are shown m Fig 6 ) 

Oase. 3 K B , a housewife aged 81, was admitted on 6th October, 
headaches for 7 weeks, visual disturbance and giddiness for 5 weeks . fmdi 

for 3 weeks Her blood pressure was 206/110 mm Hg , her heart was not enlarge , 
showed early changes and her renal function tests were normal 


14th October, 1947 Initial B P 224/136 
After TEAS 164/08 

16th October, 1947 Initial B P 226/132 
Aftei Seconal 146/98 
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Case 4 C3 , an iron founder aged 42, waa admitted on 6th October, 1S47, complaining 
of violent right sided parietal headaches for 6 months His blood ptessure ivaB 260/140 mm 
Hg hiB brachial artenes -were tortuous and hiB left ventricle enlarged A chest X ray showed 
carl> pneumocomosis His fundi showed early changes and his renal function tests were 
normal 

Oth October, 1947 Imtial B V 218/140 

After TJSAB 134/110 

11th October, 1947 Initial BP 240/135 
After Seconal 146/108 
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Case 5 W B , a housekeeper aged 40, was admitted unconscious on Dth Noi ember 10 17 
followmg an overdose of barbiturate For two years she had had asthma, mcrca«ingl\ poicre 
migrainous headaches, tiredness and palpitations with pains in the left groin and bnik llir 
blood pressure was 210/130 mm-Hg, her heart was not enlarged, her fimih siicweil scMre 
ehanges with early papdlcedema, but her ronal function tests were normnl 

20tli November, 1947 Initial B P 238/148 

After TEAB 172/110 

2nd December, 1947 Initial BJP 266/164 
After Seconal 164/113 


Disottssion 

We can conclude that the minimum diastohc pressure obtained uith 
TEAB or nuth Seconal is the same, when allowance is made for factors 
which may interfere with a teohmcally satisfactory result It must be 
emphasised that, with both drugs, the munmum readmg may ho transitory 
and, hence, is hable to be missed unless observation is careful In tho case 
of TEAB, apprehension or excitement of the patient, an exaggerated 
“ needle response,” and the occasional tachycardia mduced by tho injection 
may prevent a true xmnimum readmg, while with Seconal, resistance to the 
drug, strong visceral impulses (as from a full bladder), and restlessness 
induced by disturbmg dreams, may afieot the fall of diastohc pressure 
The small difference between the mimmum diastohc pressures obtained 
by tlie two methods suggests that the component they remove is an entity 
TEAB has been shoum to block the passage of impulses tlirough tho 
autonomic gangha (1) It has no action on the vasomotor centre, though, 
m the experimental animal, it only exerts a depressor effect m the presence 
of vasomotor tone (1) It has no penpheral action on the sympathetic norve 
eudmgs, and, in animals, its action m lowenng the blood « P'®' ^ 

by the contmnous mfusion of adienalm or angiotomn (1) ^ts 

in blood pressure is not the result of dimmished cardiac output (14), and i 
SLnressor Ltion m patients with hypertension must he ^Bonbed o 
mterference with efferent vaaoconstnetor impulses Neurogenic 
stootion IS mediated through the vasomotor ceuto, “le tht 

Uo centre as a result of entemal, visooral and ps^hio 
efferent pathways are the sympathetio ® ii„„ does 

oentraUy and are beheved to block the sTrot fc 

T 17 A B An explanation is thus provided for the similarity oi enec 

a" 

The neurogemc element , ssure ” desenbed h> Alam 

appear to be the same as the nal physical or mental 

S Smirk (3), and regarded by them as ,„dc dail) 

activity It IS the element Ja Srairk (0) suggested that 

vacations in blood pressure ^ ,enal than m essential 

this “supplemental pressure figured less m 
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hj'pcrtension Tlus may be true for advanced cases, but, m general, we have 
found no difference in the reactions of patients with essential hypertension 
and of those mth hj^iertension secondary to renal disease "While the 
rcinoial of the neurogenic element mas’' have httle effect in the advanced 
stages of either condition, we have seen earher cases of renal hypertension 
show a marked labihtj of diastoho pressure The labile neurogenic element 
18 present in both, and maj be due either to an increased outflow &om the 
insomotor centre or to sensitisation of the arterioles to normal vasomotor 
impulses 


llic observed fact that, after the removal of this labile element, both 
T E A B and Seconal leave a similar pressure m patients with hypertension, 
suggests that this basal pressure has a different significance or mechanism of 
production Manj' factors must be concerned in the mamtenance of ttna 
undcrlpng basal pressure Blood pressure is dependent upon the cardiac 
output, the blood lolume, arteriolar tone, the elasticity of the large artenes 
ami the 1 iscosit3 of the blood Artenal elasticity affects mainly the systolic 
pressure and is irrelci ant to the present discussion, while the cardiac oul^nt 
and \ iscoRitj' of the blood hai e been shown to be normal in hypertension 
( hanges in the blood i olurae maj affect the blood pressure in normal people 
and in patients mth diminished elasticity of their arterioles, minor changes 
maj produce a more marked effect The factor mainly concerned m the 
production and maintenance of the elevated pressure m hypertension seems 

»r ■" of penpien,! ressW 

t I'hc neurogenic vasoconstrictor refleves 
n Ihc anatomical condition of tlie artenolar walls 

olemtnl 

i ncnoinr damage, or from a combination of the two 

boil though m cvppnmtS*^narh3|erteM^””T 

oppiar rcxiHuisihlc for its mamtonnn,./.^ ^ *• ’ mechamsms 

“ -- - 
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renal hypertension, it -woiild not be legitimate to conclude that the hasal 
component, dependent upon the underlying vascular tone, uas the rcMilt 
of the same factors m the two conditions 

Whatever the mechanism responsible for the mamtenanco of a hasal 
diastoho pressure, this pressure is itself hable to vanation In one of our 
patients, who had manifest uraemia and dehydration, the blood pressure 
was observed to nse as his condition improved and his -weight incrcas.ed 
Records of his minimum diastohc pressures, at an mterval of a month, 
showed a considerable change, and emphasise agam the similarity of the 
results obtained by the two methods of measurement — 

9-11 October, 1947 Weight 137 lbs Blood Urea— 378 mgms 

per 100 0 c 

Imtial Blood Pressure 170/80 mm Hg 
After T E A B 136/76 

After Seconal 122/76 

18-19 November, 1947 Weight 144 lbs Blood Urea— 204 mgms 

per 100 0 c 

Tm tial Blood Pressure 190/100 ram Hg 
After T E A B 146/94 

After Seconal 164/92 

la one patient with acute glomerular nephntiB, whose Wood pnasaro 
was 164/98 mm Hg, neither TEAS nor Seconal “ ff J" 

diastohc pressure, although the casual diastohc pressure was oidy “ ^ 

on reooT^ fixim the acute attack A similar ohservation has hecu made 
with T B A B in another case, suggestmg that the neurogemc emcn p aj 
htUe part m the hypertension of acute nephritis, which appeals to represent 

a simple increase of the basal level 

Enpenmental evidence (20) suggests that a laWe i" 

fme, liad to organic change m the L “ the 

oucl^’ which 18 regarded as an important factor m the 

Thgnant phase o/both "1 and renal 

patients who had papiUoedema at the time i^ Tj^eso patients 

are indicated by a differei^ sym o essential or renal m origin, 

with the mahgnant type of hypertension, methods 

show a high 

Pickenng(17)hassho^ thatthere m a intracranial tension and 

diastohc pressure and the ^astohe pressure m a patient 

papdlffidema The finding of a ^g disease is approaching the 

■with hypertension seems to indicate hypertension and the 

IhgnS phuse, though both f rf to h^ 

rapidity of its development ,s\ere to he gross organic 

miumum diastohc pressure, the more likely 

arteriolar damage 
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LcMnson, Reiser and Fems ( 13 ), vrho emplo3’'ed repeated tests with 
Tctta-eth} l-ammonmm Chloride, hare suggested that fluctuating neurogenic 
and humoral mechanisms interact as factors m clinical hypertension We 
would suggest that various factors, such as orgamc structural change m the 
arterioles, intrinsic vascular tone of humoral or other origin and the 
circulating blood volume, mteract to produce the basal blood pressure, while 
the casual blood pressure results from superadded neurogenic tone We 
belief e that the minimum diastohc pressure, observed after the administration 
of Seconal, Amytal or T E A B , is the best indication, at present available, 
of tins basal pressure 

SumiAET 

1 The minimum diastolic pressures obtamed with Tetra-ethyl- 
aminoiiium Bromide and with a rapidly actmg Barbiturate (Seconal) in cases 
of hj'pcrtcnsion are practically identical 

2 It 18 suggested that both drugs act upon the neurogemc element 
of 1137)611008100, though at different levels of the reflex arc 

3 Patients in the mahgnant phase of hypertension show a high 
minimum diastohc pressure 

■1 No difference has been detected m the response of patients with 
Essential H3T)erten8ion and those with hjTiertension secondary to chrome 
renal disease to these drugs, but the neurogemc element appears to be of 
little significance in the h57)erten8ion of acute glomerular nephritis 

The significance of the basal blood pressure is discussed 
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A felilPLE METHOD OE ESTIMATIJfG CLOT BETEACTI02f WITH 

A or'jsroRaiAL values and the changes that 

OCCUR VTTH aiENSTRUATION 


By J E ACKROYD* 

{from the Medical Unit, St Mary’s Hospital Medical School ) 

A \ ARiFT\ of teclmiqucs have been suggested for the quantitative measure- 
ment of clot retraction (2, 3, 4, 9, 13, 14, 16, 18) They all depend 
csscntialh upon the measurement of the volume of serum expressed by the 
retmcting clot The methods range from the extremely simple one of 
Tonio (10) who measured the height of the column of serum above the clot, 
a method uhich takes no account of the lateral retraction of the clot, to the 
complex technique of van Alien (3) m urhich expressed serum is collected 
bj centrifuging the clot agamst a perforated disc, a method -which the 
author Jiimsolf admits is of no value when deahng with poorly retracted clots 
Of the inrious methods described, that of Macfarlane (14) is probably the 
most satisfactory In tlus method 5 ml of blood are placed m a graduated 
centrifuge tube which is then closed with a cork through which has been 
Iin«‘'cd a glass rod inth a button expansion near its lower end, so arranged 
that the expansion hes w ell below the surface of the blood The clot contracts 
on to the glass rod and when retraction is complete the clot is removed by 
Musing the rod The lolumc of expressed serum and red cells is then read 
ilintlh from the graduated scale This method is generally satisfactory 
when dot retraction is normal It has, howeier, certam drawbacks Firstlv 
liir act urate wt.rk U is dcsinblc to make at least three estimations at a time 
I his lucc^s, tales the use of a rather larger lolume of blood than may be 
t IS.K ol, tuned espcciallN m eluldren SeeoudU, if the dot adheres at any 
lH.,m to the wall of 11, c tube it is extremeh difficult to remove the cork and 

tin ’?! 1 ’ 91 " the glass rod and so tearmg 

1. lot l|.,s particulnrh true with poorly retracted spec^S^ 

1 hirdh the ghss rod tends to cut out of such clots as the\ arc bemv remoxed 
1 mdh Winn dot retraction is cx-tromcl> deficient, and t 

s! hMle nn?' interest, fhLiot may retract 
nraei mill « On attempting to remove such a clot a 
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outlined, the folloirmg method xras devised'^''^'^^ tlifficulties 


Method 


the iTrr zroff"" ‘f r t” 

gro^d . „arbonu.du» block Ci“s LT 

and IS abont 12 om long The necessity for nsmg standord conditions in the 


■0 


o 


o 




n 


a 


Fig 1 Diagram of apparatus used m estimatmg clot retraction "With vrctl retracted riots 
it is not necessary to use the air vent 


estimation of clot retraction has frequently been emphasised (8, 18) and 
tubes of these dimensions have been used throughout this inrastigation 
The tube is closed at each end with a No 2 bark cork The corks (A and B 
in figure) should be well made and have their narroiver ends cut flat and at 
nght angles to the long axis of the cork A small loop of tape is placed m 
the lower end of the tube with its ends anchored between the unll of the 
tube and the cork B The ends of the loop of tope should not o'^tend outside 
the tube as under such circumstances they form a wick along uhich blood 
mil escape 

Clot retraction is measured as follows The cork A is rcmoicd^nnd 
2 ml of blood are placed m the tube The tube is then recorked hen 
dotting has occurred the tube is placed in an meubator at 37°C anderaniincf 
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nt the end of 1 hour In most cases retraction evill hare occurred mthont 
adhesion to the nail of the tube If the clot is adherent at any point the 


adhesion maj be broken donm irith a fine glass probe which can be 
introduced through the upper end of the tube without disturbing the clot 
Ihc tube IS then incubated for a further penod of three hours after which 
It IS left on the liench oiemight Tlie retraction is read on the followmg 
morning To do this, the level of the serum (C) is marked on the ground 
glass strip mth a sharp pencil The distance of the mark G from the top 
of the cork B represents the height of the ongmal column of blood The 
lube IS non erted so that the serum drams away from the clot which is 
remoi cd bj extracting the cork B with its attached piece of tape The tape 
has become incorpontcd m the clot and even if retraction is ettremely poor 
Ihc clot mil not break as it is removed The clot is discarded It will he 


obsen cd that the narron er end of the cork B winch has been m the tube has 
been compressed and that there is a well defined ndge surroundmg the cork, 
corrchponding to the nm of the tube The cork is now replaced so that the 
rim of the tube comes into contact mth this ndge , the cork then occupies 
exacth <hc same position it occupied before That this can be done 
nccumtol^ nas shomi nlicii the loner corks nere removed from a senes of 
Mieh tulios containing fluid to a marked level No change m the flmd level 
nas oljooricd nhon the corks nero replaced and the tubes agam stood 
uprigfit Finalh the tube is placed m its ongmal position mth the cork A 
uppermost and the Icxel (D) of the serum is marked on the gronnd glass 
s rip ‘I hc distance of the mark D from the top of the cork B represents 
ho I, eight of the coliinm of expressed serum The clot retraction fs calcu- 

t" r -'oliime of serum as a percentage of the ongmal 

Mihiinc of blood Thus since the tubes are of uniform bore, ^ 


rttmitioii = >‘*^‘g>»^of_col mnn of scrum 

height of column of blood ^ 


BD 

BC ^ 
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If these precautions are taken, any serious degree of adhesion of tlio clot 
to the wall of the tube -vvill be uncommon It is important to note lioivcvcr 
that if theie is much adhesion the results will be imrehable oven if the clot 
is freed at the end of the first hour’s mcubation Smce this mvostigation 
was completed it has been found simpler and equally satisfactory to coat 
the inside of the tubes with a thin layer of paraflSn wax 

Error of method 

Thirty-six determinations of clot retraction were made consecutively 
on blood obtamed from the same patient over a period of three minutes 
The distribution of the thirty-six observations is shown in Tig 2 The 
mean retraction was 62 1% The readmgs ranged from 60% — 66% Tlio 
standard deviation was 1 4 and the coefficient of variation 2 7% 
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Clol Retroclion /q 

2 D*.b«Uonotth.3«e«»n.t.o»«fcl«»t™uon»bloodUk.nr™th,»^^ 

Changes m rel,ael,an depending on vanakons m the paoUd sett 

volume 

anoe dot retraohon Tones mversely mth tits* 

(5. 13, 14. 16. 0^— ^ 

a reduction m clot retraction fj^^^acked ceU volume and clots formed 

reduced it becomes mdependent of P . ^ tjie gtudy of clot 

ftom plasma alone may « clearly des.r.blo 

retraction is of mostmterest m ^ retraction reading for vanations 

S r— r C:“eLs .ave been pmposed ,3. 6. «, 
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l«it IS lhc«c ga\c different results vnth the method of estimating 

flol rctmrtjon just dcscnhed it 1188 decided to investigate the changes 
in clot rctinction that occur with alterations in the packed cell volume 
Tins uas done in the two following ways 

1 By Mutiny ichoh Hood tcith pla'nna iLilhoul the use of anticoagulants 
Illood was uitlidrauTi from a normal indisudual usmg a 10 ml record synnge 
uilli a two-uaj tap and measured quantities were placed in waxed tubes 
•Some of these tuiics uerc then centrifuged slowly to separate off the red 
cells whilst leaving the platelets in the supernatant plasma This plasma 
was transferred m measured quantities in a -waved pipette to the blood in the 
remaining tubes Tlie blood and plasma were quickly mixed and 2 ml of 
each mivlurc placed in a clot retraction tube The remainder of each mixture 
was then hcpanniacd and its haimatocnt determined Cffot retraction was 
thus cstimatdl at 10 or 11 different Inunatocrit levels on the same patient 
.Scun bcnltbj indmduals mth normal platelet counts were investigated in 
Ibis uni ('fable I) In each case it was found that the relationship between 
the htumnlocrit and clot retraction uns a straight bne These lines are 
Kbousi Mtpcrimiiofccd in Fig 3 which has been constructed bj plotting all 





TABLE I 

Effect on clot rctractxon of diluting whole blood with homologous plasma using no anticoagulants 
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the points given in Table I and dravong the best I.nn 
oa» :nvest.ga« To p^erve 

not shown in the figure TJie factor retractiono^ 

for each ftp fri * Fall m h8ematocrit% ''^scnlculatid 

tlTt Tmo Jwlu?U ° TX 'S™ '7“ “ . " •’ 

letraotion at any givon hi^atoont ferd- ® 


Retraction = R 


2 


where B = Observed retraction % 

Hj = Observed hieinatocnt % 

Ha = Hasmatocnt % at winch the clot letnaction js 
requued to be Icnown 

2 % observing clot reUactwn tn patients snffernig from scicrc nw/. 

Iwmorihagtc and non deficient ancemtas Retraction vas cstnnatcd before 
and after treatment The results of this investigation arc shomi m Table 1 1 
In each case the clot retiaotion on recovery was predicted on the basis of the 
above formula It will be seen that the agreement betneen the prcibttcd 
retraction and the letiaetion obseived on iceovery is vciy close, tlms 
justifying the use of the formula 


Meihad of stating results 

Of the various methods suggested for expressing clot retraction 
quantitatively (2, 3, 4, 10, 14, 18) that of Macfarlane (14) m which tlie 
volume of serum and red cells extruded from the clot is expressed ns a 
percentage of the onginal volume of blood, seems to ho the sunpjest and 
most satisfactory Aggeler and his colleagues (1, 2) have suggested that 
letraction should be expressed in terms of the extracorpiisciilar i ohmic of 
the clot which they calculate as the diflfeience between the volume of the 
clot and the volume of the packed cells contained in the blood before clotting 
occurred This calculation ignores the volume of red cells extruded u ith the 
serum, a volume which in normal people may vary from 4% — ^20 5% of the 
total volume of extruded serum and red cells [see Table III) It is clear that 
the volume of extruded red cells must be taken into account in calculating the 
extracorpusoular volume of the clot The only author to have rcalisctl tlic 
impoitance of this appears to be van Allen (3) who deducted the \olnino of 
led cells in the serum from the volume of serum plus red cells extruded from 
the clot and calculated this as a percentage of the original volume of plasma 
Calculation of the difference between the volume of serum and f lie \ olumc 
of plasma in this way gives a method of estimating the true oxtracorjuiscular 
volume of the clot which can be eiqpressed as a percentage of the original 
volume of blood It was thought at first that tlus might he a satisfactory^ 
method of expressmg clot retraction and that the extracorpusoular clot i o umc 
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percentage would not vary with alterations m the packed coll volume It 
%vill he seen, however, j^om Tables I and II in which the extracorpimil.w 
clot volume percentages (E C C V %) have been calculated for ^ arious 
hmmatocrit levels, that except in one case of post-haeraorrhagic anasnua 
(JB, Table II), the extracorpuscular clot volume percentage has ^a^^p(l 
inversely with the hsematocrit reading The estimation of the o\tra 
corpuscular clot volume therefore, shows no advantages over the sniiplcr 
calculation of clot retraction in which the volume of extnided serum and red 
cells IS expressed as a percentage of the ongmal volume of blood Tins 
method has, therefore, been used throughout this investigation For 
reasons given below it was decided to adjust all the lesults to a standaid 
haematoent reading of 45% 


Noirml iange of clot letraciion 

Clot retraction was estimated in 33 healthy men and 33 healthy iiomon 
whose ages ranged from 18 to 62 years The majority of those investigated 
were medical students and nurses and were imder 30 years of age In ei erj 
case the hematocrit (BBC + W B 0 ) was estimated and the platelets 
shown to be numerous by the method described by Giam (12) In most 
cases the volume of cells extruded in the serum was estimated after 
centrifugmg, as m the determmation of the blood haanatoent The volume 
of the packed ceUs was expressed as a percentage of the total ^ 

of the women who w^ere in the ^st week oft , of thcmchvidHalH 

the remainmg penod of the cycle The pac e 

investigated, however, vaned considerably, the lo^^ SircmSocnt, all 

lugtat 610/0 clot ’^^rfZmatocnt of 450 /„ by 

the reedmge were oorreoted t” » jestifiehle for olot retrachow 
of the formula given above That tins ^ readmgs is shoun by 

within the normal physiological range hmmatocrit and 

calculating the coefficient of ^ significant degree of negative 

the clot retoofon 

correlation (r = -0 310^, i blood hsematocrit 

physiological levels clot letiaction v i 

Analysis of the clot letraction figures difference betucen tbc 

to al^andard hsematocrit of 1 05o/, to 1 

mean retractions for the men and ^men has 

This difference is due almost entmdy J ^ group being 3 ol /o 

the first week of the menstrual cycle, the mea 
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lower than the mean for the men, whereas the mean clot retractions in tlio 
second, third and fourth weeks of the menstrual cycle differ m no case from 
the mean for the men by more than 0 69% The difference beta con the 
means of the clot retractions of the women who were m the first aeek of the 
menstrual cycle and the rest of the women is 3 03% a Inch is statisticalh 
highly sigmficant (t = 3 04, P = 0 01 ~ 0 001) In otlier aords, tlio clot 
letraction of the women who were in the first week of the menstrual cjclo m 
sigmficantly lower than that of those m the remaining ponod of the cycle 
That there is no statistically sigmficant difference betaeen the retraction 
in the men and in the women who were not menstruating can readily be scon 
by compaiing the retractions of the two groups The means are practically 
identical, the diffeience being only 0 48%, a difference winch is certainly not 



Fig 4 


Clol Relroclion % 

Distribution of clot retraction (uncorrected) m 33 healthy men and 33 healtliy women 


Significant (P = 0 5) The frequency of distribution of the clot retractions 
of the men and women after the figures have been adjusted to a standard 
hsematocrit of 46% is shown in Pig 6 The positions on the histogram of 
the results obtamed in the women who were m the first week of the menstnial 
cycle are indicated in grey The distribution of the figures obtained in 
the men and m the women in the remaining penod of the cycle is shoim »n 
black It IS clear from the foregomg that the women m the first n cek oi tnc 
menstnial cycle constitute a diffeient population and these have been 
in assessmg the noimal range The mean clot retraction o t ic men an 
women who were not m the first week of the m<metran cycle « .o/„ 

The etondard demataon .e 2 45 and the coe«e.ent of ™™bon 4 4 ^ ^ 

langeisoalonlatedasMi 30 ", clotretiaetion may be expected to ly 

48 4% to 63 1% 
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The reason for this reduction m clot retraction m the week following 
tJie onset of menstruation is not clear It has been shown that there is a 
positive correlation between the platelet count and clot retraction (13, 19) 
and it -nas thought at first that these changes in clot retraction might be 
duo to the cychcal changes m the platelet count that are known to occur in 
menstruating women Genell’s (11) report that the platelet count falls 
suddenly with the onset of menstruation and then nses slowly to reach the 
premenstrual level in about fi^ e days seemed to support this view as these 
changes would correspond fairly evactly with the changes observed in clot 
retraction There is, however, no agreement as to the phase of the menstrual 
ejele in ^\hIch the platelet count is lowered and Dameshek (6) and Pohle (17) 



« 50‘«'m's6 58 m'St 
Clot Silrsclei Vj 

tiK r. Oj.tribmion of clot rotmrtion (ndju«icd to o iwmatoont of 45 “ l m 

niwl 31 limit l,c womon The etipplod atens repnj^t the 33 heallh> mea 

n nilti, in the Kc c on n omen in the lint week of the inenstnj^c4?“ tistogram of the 

bate both found that the fall m the platelet coimt usualJv occurs in the 
prcmenstninl period and tliat the count rises rapidlv with the onset nf 
inen«1nmtion It is clnr therefore that too little is known ihnnt fk 
Hmnct s m the platelet count that occur in menstruation to f ^ f 

cW niraoli.m tho j ' m 

It ll„.„f„re to ,l,t,»lTl,« ?» ifMl' of the menstrual 

Mncltm, ,s „„t lu ^ of tt's teduchon m elot 

.i™,::™ tiHw '.r'er:;r ~ 

rh't I*, indu itnr of n liTmorrlnute ton 1 of rod cclLs finm the 

’'*rore«tt\t 

vvu ecus to be proportional to the 




246 


J F AGKROYD 


rate of clot retraotion Ihis latter tow ,s cortamly not entirclj cotrool 
beeanae, as can be seen bom Table V, the nnmber of ortrarasalrn. , 
sells can be greatly reduced if olot retraction is accelerated by the ,„c or 


TABLE V 

Effocl oj tlus addition oj Ihromhtn to blood on the volume of red cells extruded m the serum 


Patient 

2 ml blood -[- 

0 1 ml saline 

2 ml blood 5 titiitH 
thrombin m 0 1 ml subno 

No of 
experiments 

Serum 

hnsmatocrit % 

No of 
experiments 

Senim 

hicmntocnl % 

TD 

2 

6 

4 

16 

NO 

3 

3 

4 

1 

WA 

4 

9 

4 

1 

BL 

4 

10 

4 

1 

Ml 

4 

8 

4 

1 

J A 

1 

4 

12 

4 

1 

0 


thrombin It is clear from the figures given in Tables I and II that the 
volume of red ceUs in the serum vanes directly with the blood luemotoonfc 
That this relationship holds good at normal haematoent levels con bo sliomi 
by calculating the coefficient of correlation between the blood and scrum 
hsematocrit from the figures given in Table III This shows a highly 
sigmfioant correlation (r = 0 644, P = 0 001) It would, therefore, scorn 
clear that whatever other factors are involved the blood bEomatoent must bo 
taken into account m assessing the sigmficance of the volume of red colls 
in the serum 

SniraiABY 


1 A simple method of estimating clot retraction is desciibed Clot 
retraction is determined by calculatmg the volume of serum and red cells 
extruded from the clot as a percentage of the ongmal volume of blood 
All clot retraction results are adjusted to a standard hsematocrit level of 4G /„ 
by the apphoation of a formula 


2 Thirty-six determinations of clot retraction on the same 
over a short interval show that mth this method 0' = 14, V i t /o 

3 Clot retraction in women in the first week of the menstrual ejele 
IS significantly lower than in women in the remaimng period f 

This difference is only apparent if the figures are comoted 

the blood hmmatocrit There is no __ ..jjo^ere 

corrected clot retraction figures obtained for men and for the wo 


not menstruatmg 
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4 In calculating the normal range of clot retraction it is necessarj to 
eliminate the women m the first week of the menstrual cycle Taking the 
range as II ± 30*, the corrected clot retraction figures in men and m 
women not m the first week of the menstrual cycle vary from 48 4% — 63 1% 
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THE PATH0GE2{ESIS OF 

'J HROMEOCYTOPEXIC PURPURA DUE TO HYPERSENSITI^nTY 

TO SEDORMID 

( ALL\ MSOPBOPyL-ACET\ L-CARBASHDE) 

By J F ACKROYD * 

{trmn the ^^rdmtI Untt, St Mary's Hospital Medical School ) 


I^TBODTJCTIO^ 

JiHu)Minj( ^Tori Mc piirinira fine to hypersensitn ity to foods and drugs, 
niou;!li iiiKriininon lins 1)ccii reported in association with a i ery large number 
of difTtrint hubMancts, parlicularh «edonnid {15, 23, 41, 53, 64, etc), the 
nrnnohiiirol coiiipomidh (4, 21, 22, 40, 42, 70, 80, etc ), and the sulphona- 
inuh s (Id, 2‘i, 'I'i, 38, O'), 08, etc ) Other substances which have occasionally 
In (11 recorded ns causing thromhocjtopcnic purpura arc qmnme (5, 66), 
qtiinidiiu (11), gold (13, 43), bismuth (8), iodine compounds (14, 15), 
(Iinurobm (IS) bonrol (71), plienobarbitone (2, 9), alurate (allyl- 
^opropil bnrbituric acid) (86), ninniiol (37), sodium salicylate (64), insulin 
(76) nnri lAg htocbiiig colour” preparations (44) ' Newcomb and 
Ibiim {36) IiiM drsinbcd n ease of thrombocytopenic purpura with 
gniimloiH Ilia which followed treatment witli thiourea and Imerman and 
1 m( riniiii ( 16) Jmi i reported a similar case due to dinitrophenol 
Ihnuiiboi \fopcint purpura has also been recorded ns a manifestation of 
liNpirMiiv-niNitN to iiiswt bites (23) and to pertussis laccine (30) Hertzog 
mid RoseJur ( 11) hnic rci>ortcd two cases of thrombocy'topemc purpura due 
o the lilt nnc nous ndmiiiict ration of colloidal silver Tlie association was 
how.ur not itn dcruiite ns lioth patients were also receiving arsenobenzol 
compoiiiids Iiimlli scicrnl author. (lO, 73, SO. 84) have claimed that 
tI.nu.,lH,,Mop.„K purpura mai on occasion be due to hyTersensitmtv to 

rood or dn.E la, cairfTSok of 

I unuin rmi ouh be conMclcrcd to be proved if the administration of a test 

the onginal attack of p^a 
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produces a further hsemorrhagic episode In several of these reports no 
test dose was given and however good the circumstantial evidence such 
cases must he regarded as unproved 

The drug which has been most commonly associated with tliromhocjio 
penic purpura is the hj^inotic sedormid (41), the active prmciple of which is 
aUyl-isopropyl-acetyl-carbamide It is one of the group of open chain 
ureides, other commonly used members of this group bemg adahn and 
bromural The structural formulse of these drugs are shown in Fig i 


Sedormid 

AUyl-isopropyl-acetyl-carbamide 


/ 

.NH — CO — OH 

\ 


CH(CHj), 



Cfl~ CH CH, 


Adahn 

Diethyl-bromo-acetyl-carbamide 



C-(-Br 


'c, 




Bwinnral 

Isopropyl-brorao-acotyl-carbaimde 


Fig 1, 



.CH(CH,)2 

/ 


CH 



Sliutturnl 


torn.* ot 1 1.TO. 


nreidehjTnolics 
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In npite of tho Hfnking chemical resemblance of sedormid to the other 
members of this group of Ji 3 *pnotics, no other open cham nreide appears 
ever to lm^c caused purpura The possibihty that a patient nho had 
moicrcd from an attack of purpura due to sedomnd might also be 
hspcrscnsitne to other, related compounds uas investigated by Hadom (32) 
He gave sucli a patient at different times abasm, adahn, bromural and 
phanodorm, the first three being open chain nreides and the last a 
barbiturate Xone of these drugs caused any fall in the platelet count or 
ani livmotThngic manifestations although a few days earher the patient 
had del eloped a severe attack of thrombocytopenic purpura after being 
pn on a test dose of sedormid 
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produces a further hsemorrhaffic t 

test dose was given and liowever good the^circT^™*^ no 

cases must be regarded as unproved ^oistantml e^^dcnce, sucii 

The drug which has been most common ]v no i. ^ 

P^c PBIP^ the hypnotic scdoHmd (tluraoX '''® 

allyl-isopropyl-acetyl-carbamide It is one of « P^^ciple of irh,ch is 

weides, other commonly used members of this 
bromural The structural formulse of these 

»re siiovn m pjg J 

Sedormid 


Allyl-isopropyl-acetyl-carbamide 


Ad-ahn 



GO — OH 

\ 


0H(CH,), 


OH, OH 



Diethyl-bromo-acetyl-carbanude 



Btomwal 

Isopropyl-bromo-acotyl-carbamide 



/ 

CH 

\ 




Br 


Fig 1 Stiuotural fonnulro of t])rc9 ccunmonly u^d opea chain nreide hiTHiolics 
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In spite of the striking chemical lescmbJance of sedornud to the other 
memhcra of this group of hypnotics, no other open cham ureide appears 
cier to have caused purpura The possibihty that a patient uho had 
rccoiered from an attack of purpura due to sedormid might also he 
hjpcrscnsitiic to other, related compounds was investigated by Hadom (32) 
lie gaie such a patient at different times abasm, adahn, bromural and 
phanodorm, the first three being open chain ureides and the last a 
barbiturate Ifone of these drugs caused any fall in the platelet count or 
any Ii'cinorrliagie manifestations although a few days earher the patient 
had do\ eloped a severo attack of thrombocytopenic purpura after bemg 
gn cn a test dose of sedormid 
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■who developed thrombocytopenic purpura during treatment uith sul- 
phathiazole No purpura developed and there uas no fall in the jilatclct 
count when this patient was given a second course of the diug a foitiuglit 
later It is houever possible that the purpura in this case uas due to the 
infection for which the patient uas being treated ratlicr than to tlic 
sulphathiazole In many of the reported cases of sedormid purpura the 
relationship of the drug to the attack of purpura has been established beyond 
doubt by the admimstration of test doses of the drug after the patient has 
recovered from the original attack of purpura (23, 43, 40, 50, 54, etc ) 
The platelet count has usually been repoHcd to have fallen to a very low 
figure within a few hours and in many cases spontaneous purpura has also 
resulted Similar results have been reported following the administration 
of test doses of the appropriate substance to patients uho have recovered 
from purpura due to other drugs (6, 21, 22, 70, etc ) 


The bone marrow findings in purpura due to sedormid have vaiicd 
considerably Hadom (32) and Lieberherr (43) considcicd that the 
megakaryocytes wore reduced in numbei Hadorn thouglit they uoio 
morphologically damaged and Lieberherr rejioited that many of the 
megakaryocytes contamed vacuoles Moeschhn (64) howcvei, in ten cases, 
found only shght morphological changes m the megakaiyocytes wlucli lie 
considered to indicate an inhibition of maturation Leitner (41 ) has rcpoi ted 

similar findings Buchler (12) and Falconer and Schumacher (23) on lo 
other hand have reported normal findings m the bone manow A similaily 
inde ranee of findings has been reported in cases of thrombocytopomc 
purpura due to other drugs According to Leitner (41) the bone mairou 
in purpura due to drug hypersensitivity most commonly shows a 
only shghtly decreased number of megakaryocytes, ® 

morphological changes Less commonly they may show ‘ 

maturation These changes in the bone mairow have 

suggested that this factor probably acted on the ^ ^iv uerc 

b “d Moe^oblm (64) also tought " otag . m «.o 
insufficient to account for the thrombocytopema, 

that the faU in the platelet count ^ A 

minutes after givmg a test dose of reported by Falconer and 

similar time relationship had Pf compoimds Tlmicry 
Epstein (21) m cases of of s^edormid suggested 

rapid fall m the platelet count after ^ tlio peripheral blood, 

to Moeschhn that the platelets might be destroyed in r/ 1 i 
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He therefore tned to demonstrate a circulating thromb^ytolysm by 
transfusing a uoinan inth a normal platelet count mth blood from a case of 
tllromboe^•topenIC purpura due to sedormid In the first e^eriment 
2f»0 ml of blood u ith a platelet count of 74,000 per o mm was used In the 
Pttond experiment lOO ml of blood from the same donor, with a platelet count 
of 4,000 per c mm uas transfused into the same recipient On neither 
ocf usion did the platelet count in the recipient’s blood cliange sigmficantly 
nor did slie deiclop purpura Moeschhn therefore concluded that there 
was no circulating thrombocj tolysin in the blood and that the platelets 
were damaged bj some unknown mechanism Another hypothesis which 
might explain the rapid fall in the platelet count has been suggested by 
Quick Ota and Bsronofskj (01), who showed that if anaphylactic or peptone 
shock was induced in \arious laboratory animals the platelet count fell to 
\< ly Ion lei els mthin a few minutes If the blood was collected ]ust before 
the fall Of cm red the platelets were found to be adhermg to each other in 
clumps They considered the thrombocytopenia was due to the agglutinated 
jilntelcts hccomiiig lodged in the capillary bed They suggested that a 
similar mechanism might be the cause of the low platelet counts found m 
throinhoci topeme purpura, a suggestion which had previously been made by 
1 kisthhnckcr and \\ alterskirchen (26), Lieherherr (43) and Falconer and 
hpstcin (21) The latter authors cited two cases of thrombocyi:openic 
piirpiira, one due to bismarsan and one to neoarsphenamine, in each of which 
llif platelet eount rose follomng the subcutaneous injection of adrenalme, 
an olisinatioii nhicli Falta (24) had previously’- made m a case of purpura 
due to pcdoriuid ralconer and Epstein suggested that the adrenaline 
‘ increased the circulaton tone by contracting the capillary bed, and 
restored to the pcneral circulation platelets that were temporanly out of 
oireiilntioii ” It would though seem equally hkely that the rise in the 
platelet count was due to the action of adrenahne in causing contraction of 
tlie spleen and conscquciith expressing into the general circulation platelets 
pivMoiish shut awaa in the splenic sinusoids and consequently not exposed 
to till action of the drug 
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effect of tlie drug on the platelets, as the platelet count fell onlj’- slightly ns n 
result of patch testing It should howevei be noted that on no occasion 
did the capihai^’^ resistanee fall beloir normal hunts even m the test areas 


A few attempts have been made to transfer this tjpo of drug 
hypersensitivity passively to normal subjects Loewj' (46) reported ncgatn e 
results in one ease of sedOrinid purpuia He did not state nhat method 
he used Moeschhn (64) attempted unsuccessfully to transfer hjper- 
sensitivity to sedoimid by tiausfusing whole blood from a case of sedorinid 
purpura No significant alteration in the platelet count or other sign 
of hypersensitivity was observed when the lecipient uas subsequently given 
sedormid by mouth Positive lesults to passive transfer tests haAC been 
reported in a case of thiombocytopeme purpuia due to quinine (6), 
and in one due to qmmne and ergot (59) Li each case the lecipicnt 
developed a cutaneous wheal when given quimne These two reports Inch 
detail and it is difiScult to luiow how much weight to attach to them espcciallj' 
as the lesion pioduced uas urticanal and urticaria is not a charactciistic 
of this type of purpuia The same oomment also applies to the above 
mentioned claim by Peshlan and Millei (69) that scratch testing inth quinine 
m a case of purpura due to qumine and eigot produced cutaneous u heals 
Jones and Jacobs (37) have attempted to tiansfei this type of hypersensitivity 
to a guinea pig They injected the animal intrapcritoneally uath scrum 
from a case of purpura due to luivanol and subsequently suspended the 
ammal’s uterus in a bath to winch lurvanol uns added The nirvanol 


produced no increase in the uterine contractions 

It appears therefore that this type of purpura is a mamfestation of 
drug hypersensitivity It has frequently been demonstrated that once tlic 
hypersensitivity 16 estabhshed purpura develops within a short time wlicnover 
the appropiiate drug is taken but attempts to elucidate the mechanism by 
which the purpma is produced have been, m general, unsuccessful 

Three of the characteristic findmgs common to all types of thromhocy to- 
pemc puipura are the low platelet count, the reduced clot 
Lsed capillary fragihty. associated with the "2?reS d 

m the skin and elsewhere These three phenomena as they wc 

purpuia, are analysed in the present paper It is sho^vn 
by sedoiimd and that aedarnad rednaea 

mihe blood ofpatientawhohavereooveredfcomBedonmdpuT J > 

.t .a shown that aodornnd haa a totanat and 

capiUaiies, its apphcation to the skin producing local hremonlm^ 

causing any sigmficant change in the platelet count 


Case Reports 

Ca.e 1 N H . female, bom 1901 

sedormid at her menstrual periods She ^ riod m u hich she 

a year In July, 1943, on the second day of a menstrual penoo 
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bled c’cccfisivelj , she noticed severe bruises on the tbighs and small red 
spots nil over her body There was also bleedmg from the gums This 
htcmorrhagic episode cleared up after about a week She does not remember 
if she took scdormid for this particular menstrual period 

In the following month (August, 1^)43), she again noticed brmses and 
smnll red spots on her bodj These appeared two or tliree days before her 
menstrual period began She is certain that she took no sedormid between 
this attack of purpura and the previous one in duty, 1043 

Tollowing this attack she took no more sedormid until the 6tli 
Fcbninr}, iW, when she took V tablets (0 375 grams) Two days later 
licr nicnstnial penod began at the expected time On the evening of the 
Hceond da> of this period she felt unwell, began to shiver and vomited blood 
On the third daj she noticed li'cmorrhagie spots on her body and there was 
bleeding from the gums She was admitted to hospital where she was 
found to hue large ecchymoscs over the bodj', arms and legs, some as large 
ns 2-3 inches in diameter, ‘vnd some hmmorrhagic spots in the mouth, on the 
tongue and inside the lips There were no other abnormalities on physical 
( xaminatioii and the spleen could not be felt A blood count at that time 
showed Old} ‘t.OOO phtclets per c mm but two days later this number had 
rihoii to 23">,t)0ft per c mm and the bleeding from the gums had ceased 
During the coiirhc of the next few dajs she recovered completely She said 
lliat hlic had alwaxs bruised easily and that her gums sometimes bled when 
hlio cleaned her teeth 'Iliere was no family history of purpura except that 
her maternal graiidmothcr Ind suffered from pernicious ansemia and in the 
comvc of this had dc\ eloped some htcmorrlmsic spots on the skm 
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TABLE r C(Ut J 


BBC per 
Date c mm X 

10« ( 

Hb% 

Haldane) 

WBO 
per 1 

c mm 

Neutrophil 
iol J morphs 
por c mm 

Basophil 
polymorphs 
per e mm 

Ljnnpho 
cjtcs 
per c mm 

22 2 46 6 3 






23 2 46 

6 0 am Sedormid 0 376 grams given 




8 46 a m 6 26 

10 30 a m 


13,700 

12,900 
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12 10 p m Transfusion 460 ml fresh Group 
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1 40 p m 

t blood 



12 26 p m 






2 30 p m 4 60 

90 




1 

8 30 pm 






24 2 46 

90 am 44 

90 

1 

12,100 

11,600 

60 
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90 pm j 






25245 

10 0 am 4 2 

84 

9,700 

8,100 

100 j 

1,200 

26 2 46 

11 30 a m 






6 30 pm 






27 2 46 

2 0 pm 3 0 

00 

11,300 

9,400 

60 

1,160 

28 2 46 „ _ 

10 0 a m 3 7 






4 3 45 

0 30 p m 3 7 

74 






■ 






8 3 45 
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Tv 1! Blood count* 
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A T'°- '■“« '>®n tal,n.r 

sedomid tablets at irregular intervals foi about a year On the morniuc 

aftei be took the last tablet be woke up to find that his tongue uns sore ourt 
on looking in the glass be saw “ blood bbsters on the tip ” During tlic dn\ 
a few led spots appealed on lus face and trunk On tlic follou mg niornmg 
he found his legs coveied with a very large number of minute red spotv 
There neie also a few large “blood blistei-s” on his hands and forenims 
Some of them burst and discharged dark blood He was admitted on the 
same day (17 9 45) to University College Hospital uiidei the eaic of ri’ofc'«s()r 
H P Himsworth 


On e\aminacion tlieie were a few largo petechne on the face and mucous 
membianes of the mouth Theie neie also peteclnm and ceelijmoscs on 
the chest and some ecchymoses in the right gioin Scveial laigc “ blood 
bhsteis ” were observed on the fhigers of both hands, and the legs showed 
very numerous pm point petechial hamonhnges Them was no inciense m 
capillary fiagihty as ahowm by the %eiious occlusion technique Two dn\s 
aftei admission (19 9 45) a blood count showed the following findings — 


Hb 

RBC 

Reticuloc^ tos 
WBG 


84% (HnIdaiiD) 

4.400.000 per c mm 
4% 

8.000 per c mm 


Dtffcrcnhal count 

Neutropliil potj-morplis 
Lymphocytes 
Monocytes 
Platelets 

Protlirombm mde^k. 
Bleedmg tune 
Coagulation tune 


3,500 por c mm 
3,900 2 >erc mm 
COO per c mm 
44,000 per c nun 
98% 

4 mmutes 10 seconds 
1 mmute 50 seconds 


No fiuther purpuric hasmorrhages appeared after admission The 
patient was dischaiged 24 9 45, by w'lucli time the platelet count had risen 
to 160,000 per c mm He has kept well since 


Prepaiatton of soluhons of sedormtd *' 

The solubihty of sedornnd m w^ater is only about I part in 4,000 at 
IS^C To make a satuiated solution the drug must he boiled vith water 
for a few seconds and the resultmg solution aUow'cd to cool As it cools, 
sedornnd crystalhses out, leaving a solution which, as it tends to be super* 
satmated, should be left overmght before being filtered In all me 
expenments desciibed below solutions of sedornnd have hcen vrcparca in 
tins way by boihng tlie di tig foi a few seconds w ith eitliei 3 2% sodium ci ra 
(NasCcHjOj, 2H,0) or 0 9% sodium cliloiide 3 2% sodium citra c 

* Sedormid is the name of a proprietary \uroughMWhc*rcrt*of 

obemical allyl isopropyl acetyl carbamide f*’*' *^*®I.rflctiie pnncipio e\«pt when seclormid 
this paper the term sedormid is used to refer to the actne principle j 

tablets are specifically mentioned 
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used in place of the usual 3 8% solution because the latter causes some 
hasmolysis after about 2-3 hours if the blood is kept constantly agitated 
The 3 2% solution, which is isotomc with blood (30), produces no haimotysis 
under these conditions for at least 12 hours 


Effed, of sedormtd on platelets 

Agglvhnahon of platdela hy sedormid Blood was taken from an arm 
vein in an oiled syringe and 1 0 ml uas qmcldy added to 10 0 ml of a 
saturated solution of sedormid in 3 2% sodium citrate m a waxed tube As 
a control, a further 1 0 ml of blood from the same syrmge was added to 
10 0 ml of citrate alone m a second waxed tube Both tubes were closed 
mth waxed corks and were kept mixed by repeated inversion Samples 
were removed at intervals and dry films were made which were later stained 
mth Lcishman s stain 


In Cases 1 and 2 it was found that although the platelets were uniformly 
distributed oi er the slides in the citrate prejiarations they were often collected 
into small clumps of 2, 3 or 4 and sometimes more platelets in the sedormid 
prcpsrations The degree of platelet agglutination at different times was 
therefore estimated by counting 500 platelets m each preparation and 
expressing the number agglutinated as a percentage of the total number 
counted Tlie percentage of agglutination of platelets in the control 
preparations in citrate was also inxestigated It xvas found that the 
agglutination of jilatelets in the blood of these two patients began as soon 
as the blood was added to the sedormid solution The percentage 
agglutinated increased rapidly for the first 1 5 to 30 minutes and then more 
slowly until the end of the first hour by xihich time the agglutination was 
luaxniinl Tlie percentage of platelets agglutinated then slow Ij fell over the 
next 3-4 hours as the total niimher of platelets slowly decreased This fall 
m the percentage of platelets agglutinated appeared mainly to be due to 
stparalion of platelets from some of the agglutinates This is shown hy the 
o ow ing nnahsis from Case 1 of the platelet agglutination at 1 and o hours 
n tor tlie addition of blood to a saturated solution of sedormid in citrate 
Although the total platelet count was falhng dunng this penod the number 
or free plntckts rose from 310 to 486 per 10,000 BBC 

1-lioiir sample 


Agglutiinlcd platelets 
I'ree platelets 

Total 

<5-7ioiir sample 

Vcclutinatcd platelets 
1 ixp platelets 


= 500 

per 

10,000 

= 310 

per 

10,000 

= SIO 

per 

10,000 

= 102 

per 

10,000 

= 486 

jicr 

10,000 


BBC 

BBC 

BBC 


BBC 

BBC 


Jot il 


= 048 per 10,000 BBC 



262 


J F ACKFOYD 



Hontt afttt ttfotm d 6)n< to Citrate or Sc totmid in CItnie 


Fig 2 Agglutination of platelete by eedorwid m blood from Cneo 1 (N H ) on 18 8 4B Simtlnr 
results were obtained on 28 7 46 and 10 8 46 (See Table III ) 
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TABLE HL 

Aggluhtmlion ojplaleli-ts by tcdonmd iti Wood from Cam 1 (A H ) 


% of platelets agglutinated 


Date 


Time after blood 
added to sedormid 



In sedormid in 

In citrate 

citrate 
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At no time did the platelets m the control preparations in citrate alone 
show any significant agglutination 

In Case 3, i\ho was a much nulder case than the otliei tno, it was not 
possible to demonstrate any agglutination of platelets by sedormul The 
findings m these tliree patients are shown m Figs 2, 3 and 4, and in 'J’ablcs 
III, IV and V 

Eight patients with unrelated diseases were investigated in the same 
way In none was there any significant difierence between the percentage 
of platelets agglutinated in the sedormid preparations find those in citrate 
alone The findings at the end of one hour are shown in Table VI 

Survival of platelets %n sedoiimd The platelets m the same preparations 
were later counted by the method of Eonio (27), the results being cvprcsscd 
as the numbers of platelets per 1,000 red cells In the absence of hremohsis 

TABLE IV 

Agglulutation of platelets by sedortmd t»i blood from Case 2 (ill B ) 


% of plttlolets ngglulmfttcd 


Tune nftei blood 
Date added to aedonnid 


In scdonnid ici 

In citrate cilnite 
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nnj clmnpc in the ratio of platelets to red cells in the tuo tubes -mil indicate 
an alteration in the number of platelets Counts were performed as soon 
as po^eihle after the tubes had been set up and then after 4-5 hours, by which 
time the percentage of agglutinated platelets had fallen sufficiently low to 
make ac< urate platelet counting possible while morphological changes had 
not become so great as to make the platelets difficult to identify In order to 


TABIE V 

A tgliiltnniion nf platcUU by trijormtd tn blood from Caw Z {J AlaeP ) 


I 

% pintclets agglutinated bj sedonnid m citrate 


1 im» nit/ r tiiocKl j 

mlili d to B"donniil 

■ 12 45 

1 012 45 

11 12 45 

J 

10 initH 

4 ^ 

1 

0 

2 * 

1 n min*( 

0 

0 

1 

4 

10 mill* 

0 

0 

0 

1 hour 

0 

0 

0 

J llOllf’l 

0 

0 

0 

S liiium 

” / 

4 

2 

4 li iiirn 

" ! 

0 

0 

'< Iionrf 


0 

0 


T\BIF \T[ 

t/fcrl of wdnnntd on pintcklg 
f'onirojg 


I’m i< III 




Dmgno«i« 


*0 ngglutinntion of 
platelets at 1 hour 


Citrate 


\\ 

1 

Pivciuiiiri— xrri mild liTino i 
iMi nn-rmia j 

05 

IM 

M 

111 nl|li\ mnn | 


11 

1 

llinl'Iii Moinnn , 


1 1 

1 

1 0< 1 o nnliniiii | 

o 

im 

M 

1 

( iin inrtTux of Imm^liu^ ^ 

1 

5 

111 

M 

'lvT> nrvUnI infantmu ‘ 

I 

\ 

1 

4.T Hf cIn'opMi iti< j 


wo 

M 

lln.n’i-itf\ ^ 1 

A 


Sedonnid 
in citrate 


1 

05 

5 

5 

1 

1 

4 
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obtain comparable figures it was found necessary to count bctuecn 5,000 
and 10,000 red cells in each preparation Tlie counts obtained in cacJi of 
the three patients are shown in Table "Sni As Wright (87) has shomi, the 
platelet counts in such preparations may be expected to fall slouly In 
these experiments tins same phenomenon u as observed There u as hou e\ or 
no difference in the rate of disappearance of the platelets in citrate from that 
observed in a saturated solution of sedormid in citiate and the jilatclot 
counts at the end of 4-6 hours were, mthm the hnuts of experimental error, 
identical It was therefore concluded that sedormid causes a specific 
agglutmation of platelets in the blood of some patients uho haic recovered 
from sedormid purpura but that undei the conditions of these experiments 
no lysis of platelets occurs 

TABLE vn 

Platelet avrmval tB eedomtd tn ctiratc 


Patient 

! 

Date 

Duration 

of 

expenment 

Platelet counts 
(Platelets per 1,000 BBC) 

Beginning of 
experiment 

End of 
oxponmont 

Citrate 

Sedormid 
m citrate 

1 

Citrate 

Sedormid 
in citrate 

NH* 

18 8 45 

6 hours 

87 

88 

68 

C5 

MB* 

26 2 40 

4 hours 

77 

77 

58 

60 

J MaePt 

H 12 40 

4 hours 

62 

62 

43 

43 


* 10,000 BBC were counted for each platelet count 
•)• 6,000 B^ 0 wore counted for each platelet count 


Effect of sedormtd on dot retraclton 

It tos been lepeaWly domonstiated ttat, rf plaWnfe ® 

plnsi by centrfW>o». then clot "n « ^ 

\o, etc ) TtaB has been ^nfcmed ““rZrSy ho™ ^taced 

investigation The retraction of plasma clots has invan^ ^ 

fiom about 90% to less than 4% by ^ ^1 1 

result IS shown in Fig 6 This same f antplatcJ (7*0 

destroyed in vivo or in vitro by the action of » Platelets, the addition 

It was therefore argued that if sedormi a a ^ purpura due 

of sedormid to the blood of a patient who had recovered iron j 

to this drug might dimmish its clot retraction 

It was found that a dimmntion in sTdormid Tsalinc to 

produced by the adtoion of a satum e ^ ^ typical result 

the blood of each of the tliree patients desermea 
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IS filiowTi in Fip C To estimate this reduction in clot retraction quantita- 
tiicl\ 2 0 ml of Wood Mere added to 0 5 ml of a satuiatod solution of sedonnid 
in Foline in a clot retraction tube The lube was then corked and the contents 
mi\fd b> repeated inicrsion Tliree or four tubes were usually set up for 
each iniestigation An equal number of control tubes in which sahne was 
lu-erl in place of the «cdormid solution uerc also set up The clot retraction 
in tlic two sets of tubes was measured by a method described elsewhere (1) 
Xo correction was made for the luematocnt reading as this was constant for 

TABLE tin 


Inhtbitmn of clot rctm'-lton by ttdormxd 


X’ntii M 


'^Imi* 

Scdoimid m saline 



% clot 
retraction 

Xo of 
cxp“nnients 

% clot 
retraction 

Ml 

1 

JO S 45 j 

3 

74 

4 

38 


JS 7 Vi 1 

2 

C7 

o 

34 


10S45 

s 

00 

s 

15 

1 

117 40 1 

2 

03 

2 

12 


1 10 0 40 

4 

73 

4 

22 

i 

1 J3 0 4C 

*> 

1 7J 

2 ^ 

c 

1 

1 IJOK, 

4 

6S 

4 

3S 

Mil ' 

JO J 40 

4 ' 

‘ 04 

4 

S 


n 4 40 

* 1 

1 7S 

4 

1 

1 J 


0 b 40 

4 

04 

4 

2 


Jt <1 4'. 


Co 

a 


- - — — _ ^ 

2s <1 «, 

3 

04 

III 

13 

1 1 

7 1J4 . 

G 

04 1 

5 

20 

1 

14 III 4i 

4 

OS ! 

3 

45 

1 

Ii 111 41 

4 

Cl 

3 

so 


I 11 It 

1 

' ) 

CO 1 

1 

4 

47 
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alone, should be at least thiee tinip** ti-ia 

between the observations, i c , 6 0% As all the fi <iiffcrcnco 

b.s^ on „ultaplo oteorvkt. 0 ^ smte d^r “ 

In fact the smallest difference observed vas 170/ anri c significant 
drferenoe ,.ao muoh greator, tta tUt mir„f LT “T 

examined sedormid causes a statistieaJJjr lugWy smufieant redt 
rotraotaon That th.a .a not an offoet of aodo^f^fna^^uS' 
seen from the results obtained in a senes of IScontiols of blond ft- ^ 

rett”ir“. “ ““ "■- «■ mt"Cw 

between the clot retraction of blood diluted with a solution of scdorn d m 
saline and that observed Avhen sahne alone was used as a diluent TJic 

gures obtained Avith these controls are shoun m Table IX and arc renrc- 
sented diagrammaticallj^ m Fig 7 ^ 


CASE i NH 



CASE 2 M.B 



CASE 5 J NocP 



■%, 'ht ’ia V V \ \ \ \ V -/j. ■V, 

CONTROLS - •* » /„ V, /. /. 


S 80 

n 

40 

o-g “ 
20 








fts, 
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rT~» 
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■ CLOT □ SERUM C* CONTROL 5 •SEDORMID 

Fig 7 Dia^m ehowiag effect of sedormid on clot retraction of tlirce patients wlio ^lad 
recovered from sedormid purpura and of a senes of eighteen controls 

The observation that sedormid causes agglutination of platelets in the 
blood of patients who have recovered from sedortmd purpura makes it very 
probable that tlie reduction in clot retraction which has been observed m 
these patients is due to an effect of sedormid on their platelets 

Imesttqatwn of the coiicetUioiton of sedortmd teqtmed to tednee elol relradion 

m viito 

The solubihty of sedormid in 0 9% sodium chloride is 0 025% (mean 
of three determinations) The minimum concentration of sedormid required 
to reduce clot retraction has been investigated to determine uliether sucJi 
concentrations may be expected to occur in the body after the administration 
of therapeutic doses of the drug The results are shoivn in Table X, from 
which it will be seen that a statistically signibcant reduction m clot retraction 
IS produced by a saturated solution of sedormid in 0 9% sodium chloride 
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diluted 1 10 ■with 0 9% sodium chlonde ■when this is mixed ■with blood in 

the proportion of 0 5 ml of scdormid solution to 2 0 ml of blood to produce 
n final concentration of 0 0006% Even if sedormidis distributed umformly 
throughout the total intra and extracellular body flmd nhich in a normal 

TABLE DC 


fffrrt of fcdormtd on dot rdraclion tn Hood of palititto mih no acquired hyptrtensitmly to 

trdormid 


j 

1 1 

1 

i 

Saline 

j Sedormid m saline 


Sex 

Dingnooig 

\o of 
c^pcnmcnlE 

Clot 

tetTOcUon, 

0/ 

o 

Ko of 
experunents 

Clot 

TCtraetioTL 

Of 

/O 

n\ 

M 

1 

j 

Cercljrtil tumour 

S 

ss 

5 

61 

im 

M 1 

Cnmnomn of bron 
olni<i 

4 

55 

4 

52 

1 

M 

Tlirombophlebitin 
miprnns j 

4 

C4 

4 

63 

f I' 

M 

1 

Mnlipnnnt Irt-pcr | 
<»’nflion j 

4 

B 

WBM 

06 

HI 1 

1 

M 

K<icr»nlinl In-pertcn j 
Rton 1 

1 

C4 

3 

64 

yjA 1 

M 

Kwntifil livprricn | 
pion 1 

^ •* I 

■ i 

05 

4 

60 

ii\ 

M 

1 ^ fniluro 

4 1 

1 

r,i 

4 

61 

no 

M 

r< n lm>l tliromboois 

4 

53 

4 

53 

M 

t 1 
1 

UvrUIvs vromon 

4 

02 

4 

i 
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04 
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1 1 
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TABLE X 


Tha effcd of lawenng live, concentration of tedormtd on its potoer to reduce clot rciraiUton tn the Woo»2 
of a patient {MB) who had recovered from purpura due to scdormid 


Solution used for diluting blood 

No of 
experiments 

Mean clot 
Totraction % 

(0 6 ml diluent -j- 
2 0 ml blood) 

Saline 

4 

03 

Saturated solution of sedormid m saliiua = A 

4 

2 

Solution A diluted 1 10 with saline ■ 

3 

C4 

Solution A diluted 1 100 witli saline 

4 

01 

Solution A diluted 1 1,000 with saline 

4 

02 


adult has a volume of 49 litres (61) then 0 6 gram (2 tablets) of sedornucl 
would, if fully absorbed, give a final concentration of 0 001% in the bodj' 
fllmds This concentration is highei than that required to reduce dot 
retraction lu vitro Moreover it is probable that tempoiarily, befoic 
diffusion has occurred into the extravascular flmds, much highei concentra- 
tions of the drug will be achieved in the blood As it is probable that the 
reduction in clot retraction is due to an effect of sedormid on the platelets 
this finding would seem to indicate that a deleterious effect on platelets may 
w'ell be produced in the body by therapeutic doses of the drug 


EffeU of sedoirmd on the capiUanes 
It has been repeatedly shown that thrombocj'topenia alone is not 
sufficient to produce purpura and that there must also be an associated 
capillary lesion before purpunc hssmorrhages can occur The above 
exL.imnts show that sedormid has on effect on 

hoTO recovered ftom pnrpnm due to this drug The foUcwmg work um 
undertoken to demonstrate a further and sepuratc effect of sedormid on 
skin capillaries 

Mademca l^ttng sedomuf Injcctmns of ™ 

given mtradeimally into the voter surfaces of the 

Ifo local hmmorrhuges were praduced by tolmc 

suggestion of an urticarial reaction di eren ^ ^ 3 shoued no 

alone The detode of these tests are shown in Table XI (tese •> si 

reactions of any kmd fonowmg a '“8'“ Vn tuo place, 

saturated solution of sedormid in salme Case 2 i j , of a 1 1000 

on the left forearm at 11 0 a m , 0 8 46 with 0 06 and 01 nd ol a 

dilution of a saturated 4 the injections and a 

same day there were no changes te be sren 4 ,lj,t,on of sedormid in 

foi-thei intradermal injection of 0 06 ml of a 1 100 uimai 
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salme was given into a third site on the same forearm There vas no 

returned to hospital on tlie folloiuna 
morning As there were still no local changes at the sites of the iniectionf 
she was given 0 06 ml of a 1 10 dilution of a saturated solution of sLloS 
m saline, apm into the left forearm Twenty minutes later there vcrc 
still no local changes in the skin and blood was taken by venepuncture for 
another investigation The platelet count, performed ori this blood after 

had left the hospital, was only 33,000 per c mm (Gram’s (31) method) 
The patient letumed to the hospital at 10 0 p m that evening and appeared 
perfectly well The capillary fragihty as estimated by a positive pressure 
method was not increased even at the sites of the intradermal injections 
The bleeding time by Duke’s method (18) was 4 minutes, and the platelet 
count by Gram’s method was 602,000 per c mm In spite of these normal 
findings, the patient developed a mild attack of purpura during the night, 
and on the following morning there were hemorrhages on the inner aspect 
of the right arm above the elbow and around the waist The lobe of tho 
left ear, where it had been punctured for estimating the bleeding time on the 
previous evening, had become black and swollen About midday the patient 
began to menstruate This menstrual period occurred at the expected time 
but the loss was unusually great Most unfortunately the patient, ivho is a 
doctor and whose description of her attack of purpura can be relied upon 
imphoitly did not report this attack for several days and in consequence no 
further platelet counts were performed It is very diflBcult, if not impossible, 
to esuabhsh from the data available, the true course of events that led up to 
this attack of purpma The normal platelet count observed on the night 
before the purpura appeared would suggest that the lijemorrhages vere a 
delayed effect of the final injection of sedormid and that the thrombocytopenia 
noted 20 minutes after this injection may have been due to the previous 
injections Whatever the explanation of this attack of purpura, however, 
it IS clear that it followed an almost incredibly small dose df sedormid as 
the total amount injected over the whole three day period was only 
1 4 X 10'® grams 

Patdii testing vnth sedormid Although the intradermal injection of 
sedormid failed to produce any local lesion in these patients the appheation 
to the skin for 24-48 hours of a suspension of sedormid crystals in a saturated 
solution in a suitable solvent caused petechial haemorrhages to appear m tho 
area to which the preparation was applied There was no local hypermmia 
or wheal formation to suggest that the haemorrhages were due to release of 
histamine nor was there any rise in capillary fragihty in other parts of the 
body or any^ sigmfieant alteration in the platelet count No haemorrhages 
were produced when the solvents alone were used as controls The resu s 
obtained from patch testing are summansed in Table XII 

In the earher expenments, winch were performed on Case I, decinomal 
sodium hydroxide was used as a solvent On the first two occasions on v/ ic i 
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>atch testing "vras successfully performed the patches were apphed m the 
iftetnoon and were removed on the following day On each occasion 
lurpunc hsemorrhages were produced in the test area A few days hfter 
he test was repeated using an identical technique On this occasion, no 
lOimorrhages were produced hut after congestion of the arm by a cuff at a 
iressure of 80 mm of mercury for 5 mmntes, the test area became closely 
lacked with small petechise while no petechise were produced m the surround- 
ng skin Two further patches were apphed on that morning usmg acetone 
IS a solvent They nere left on for 48 hours and on this occasion numerous 
purpuric hsemorrhages were produced m both test areas Tins mcrease of 
resistance of the skin capillaries to the action of sedormid may have been 
due to the fact that the patient was menstmatmg at the time of the two 
Darker evpenments It has been shown (7, 74) that capillary fragihty is 
considers bl 3 '’ increased at the time of the menstrual period and Moeschhn 
(64) has described a woman who developed severe and extensive 
haemorrhages if she took sedormid immediately before her menstrual period 
At other times, however, she developed only very mild purpura after takmg 
the drug 


By far the most satisfactory results ftom patch testmg were obtamed 
nhen propj'lene glycol nas used as a solvent The sedomud was made to 
dissolve by gentle heating As the solution cooled crystals of sedormid 
separated out making a thick paste which was spread on an area of skin 
uhich had preinously been cleaned with ether or acetone The paste was 
covered with a piece of filter paper backed with oiled silk and the whole held 
in place with a wide strip of elastoplast A control using propylene glycol 
alone w as set up in a similar manner Throughout these mvestiganons the 
patcli lins been apphed to the skm of the inner side of the arm about 6 ems 
a o\ e the bend of the elbow as the skm in this area has been stated to be 
more readilj permeable than it is in most other parts of the body (81) 


The photographs (Fig 8) show the result of patch testmg Case 1 with 
sedotnud using propj lene glycol as a solvent Similar but less stnkmg results 
w ere obtamed ui Case 2 hut m Case 3. a much less severe case of purpura. 

1 C rc‘UlUy^cre consistently negative In tins patient patch and scratch 
testing with sedormid dissolved in acetone and decmormal sodium hydroxide 

t (" tell? ‘ “■ TOrfeM glycol feUed lo^piodnoe 

cillKr local l,«morrh»gc« or onj wgmBoMit lomose m oapiHoir fagjlitT 

m r ■" ^ “ 

<ccl on-,. 1 ,to > Ir ^ “y ‘■■'“"n-h.goo produced m tire 

appiarcd to bt due to the i epithehum This 

m the c-ouln.! on,, "'>''™ccffeet uoo noted 

olou.. "• “"'»ct Mth propylene gljeol 
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TADLE XII Pdtch 


Date 

Solvent 

Duration of 
expenment 

Patch 

Control 

Case 1 N 
13 4 45 

NB 

S 

N/10 NaOH 

Patient menstruating 

18 hours 

Purpuric h(emDrrhnges+ + 

Negatue 

14 4 45 
NB 

N/10 NaOH 

Patient menstruating 

20 hours 

Purpuric lwcmorrhngcs+ + 

Negiitui 

20 4 45 

N/10 NaOH 

24 hours 

No heamonhages, hut capillar} 
fragility morensed great 1} m 
test area 

Jiegiitnp 

21 4 45 

Acetone {2 patches) 

48 hours 

Piupuric liflimorrlmgCB m both 
areas 

Negntue 

10 0 40 

i Propylene glycol 

48 hours 

Very numerous hremorrhages 
over whole area of patch 

' Negatno 

Case 2 M 
20 2 40 j 

tB 

Propylene glycol 

1 

48 hours 

Purpuric hreinorrl«iges+ | 

Xegaino 

Xegnlnc 

Case 3 J 
7 12 46 



MacP 

Acetone and N/IO 
NaOH 

48 hours 

No hiBinorrhnges 

9 12 45 

Acetone and N/10 
NaOH 

SCBATCH TEST 


No liiemorrhages 

XegatiNO 

14 10 40 

Propylene glycol 


No hrcmorrhagcs 

Xcgntnc 
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PATHOGENESIS OF SE DOR 31 ID PURPURA 


UMing tnlh tcdormid 


TnvcRtigiitioru porformod inunediatelj after temoral of patch 


PlaUlrU = 300 000/ou jnm 

f npiUnry JragiUty (n'-gitne pressure ni'thod) — on other nnn, no increase 

J'lultUu = 2S0 000,1 u mm 

Ctipilt/in/ froyihty (positive pit' urr> mitbod) 

r<4t arm — ptfcIiiiE from band to junction of middle and upper thirds of 
forrnfTii " 

Control arm — ]So potoehn* 


PhtffUU — nuinf'rnus m rtnin'^d films 
( aptihrif Jmrjtlutj (pOMiinr* pressure rarthod) 

Tft arm — no increase ,n fragility except m area to which sedonnid patch apphed 

C/ot rrtraruon - 


Vlntrlrtn - CIO 000 ru mm 

aMu^olZn^'"' ntrthod) _ on both forearms, not mcieascd 


PliitrlflA — niimi rous in stained tilms 
I iipillanffrarthl'/ (positnc pn ssuro method) 

Tf’t ann — ^ increase in fmgililt except m 
Tl''" aren became filled with nra 
f vntrr I arm — » no in< rt a in fniinlitv 
( lot rrtrirttnn 


area to which sedotmid patch apphed 
all pctcchiK 


VlnUlitt niiin’'roiis m stnm d lilm« 

( (ipi/tiirv/riiiihrii ((Kisitm pn.F«un m thod) 
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The observation that the apphcation of sednrm,^ i 
local hasmorrhages in the absence of anv apnoTai cause 

or lowering of the platelet co^t wouM sCt 

addition to Its effect on the platelTts a - 

this effect should be demonstrable on patch testing and vet^noi )», « 
intradermal injection of sedormid is not at all clear One nafalf t 4 
p.«al«ed purp^ after mtradermal ato tast.nTa„d^:/"l It 
local purpura at the rte of the »,ect,ona It fa clear fhcrrfl that tc 
feilure te produce local hmnorrhagea was not due to inadequate doLl 

18 , however, possible that the sahne solution of sedornnd gifa 
intradermally was removed by the lymphatics too rapidly for it to hlvf «^y 
demonstmble local effect and that the sedornnd in the patch test ivas able 
to cause local haemorrhages because the skin capillaries were in contact wth 
the drug for a much longer period Some estimate of the tune required for 
sedormid to act on tlie skin capillaries is provided by the following 
observations made on Case 1 (NH) Firstly, it was found that on one 
occasion, a patch left on for 24 hours produced no biemoirhages whereas two 
patches apphed to the same patient on the Mowing day and loft on for 
48 hours produced numerous haemorrhages (see Table XII) Secondly, 
when this patient was given a test dose of sedormid by mouth, cutaneous 
hemorrhages did not appear for 8 hours and were not really extensive 
until the following daj^ although she began to vomit blood and to pass Wood 
per vagmam within 30 minutes of taking the drug It appears therefore 
that sedormid reepnres a much longer time to act on the cutaneous vessels 
than it does on those suppljing mucous membranes If it is assumed that 
a minimum period of 8 hours is required for sedormid to act on the skin 
capillaries it seems probable that ail the drug given in an mtradermal test 
will have been removed from the site of injection long before it has had tunc 
to produce any local haemorrhages This may -vveU explain the apparent 
anomaly of the failure of mtradermal testing with a dose of sedormid sufficient 
to cause generahsed purpura 

Attempts at passwe transfer of sedornnd hypeisensilmty 

Forty subjects have been injected intradermally noth 0 06 to 0 3 ml of 
freshly prepared serum from Cases I and 2 in an endeavour to produce passive 
transference of hypersensitivity to sedormid by the Prausnitz-Kuestner (Cl) 
technique Sedormid has subsequently been given to these individuols by 
mouth, by injection of a saturated solution in sahne into the area previously 
injected with serum or by the apphcation of patches of sedormid m propylene 
glycol to this area The interval between the injection of scrum and the 
administration of sedormid has been varied from a few minutes to as long as 
10 days The area of skin injected with serum has been inspected and the 
capillary resistance estimated at frequent intervals up to % hours after the 
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drug has been given In no case has any significant change been noted in the 
skin nor has there been any increase in capillary fragihty These uniformly 
negatn e results are in accordance \nth those of most other workers and as 
has already been stated, there is no satisfactory evidence that this type of 
hypcrsensitinty has ever been transferred to another mdividnal 


Sensitivity to other open chain ureides 


Scdonnid appears to be the only member of the open chain ureide 
senes of hj’pnotics which ever causes purpura These compounds are so 
closclj related chemically that it might be expected that sensitisation to 
one uould be associated with sensitisation to other members of the senes 
Such a group sensitisation has been observed in purpura due to the 
arscnobcn/iol compounds (21), and the sulphonamides (16, 36), though not 
to the open chain ureides (32) To mvestigate this matter ftoher it was 
decided to observe the effect of adalm and bromural on the clot retraction 
of the blood of two patients n ho had recovered from purpura due to sedormid 

The solubility of sedormid in sahne is 0 025% The effect of 0 033% 
adalm and 0 044% bromural in sahne on clot retraction was mvestigated 
in the same uaj as that used to investigate the effect of sedonmd on clot 
retraction, 0 5 ml of the solution being nuxed with 2 0 ml of blood, the 
rtiixturc then being allowed to clot Controls, using sahne as a diluent nere 
put 111 ) at the same time 

In Case 1 (N H ) each of the two drugs produced a statistically 
significant reduction in clot retraction, the effect ivith adalm bemg 
cansidcmbU greater than that obtained with bromural In Case 2 (M B ) 
onlj adalm produced anj significant reduction in retraction 2fo such 
reduction with either adalm or bromural ivas observed in samples of blood 
taken from eight patients who had no acquired hj'persensitivity to sedormid 




Tl. rjfrrl on clot rCmrUon oj Hr oM.UonoJ oJaj.n or lromnral to Hr Hood oj pattenH ,cho hoc 

TCcorcTfti from ^tdornitd jturpuro 


I iMl lit 


1 

Clot rctmction 
with Mlin*' ndded 

Clot potmction 
with adalm m , 

^'dinc added 

Clot retraction 
with bromural in 
salmr* added 

^0 of f 
pxpi n 

Mran clot 
TTiraction 

O i 

No of 
cxjjcn 
mrnxji 

clot ' 

' retraction 

o 

o 

No of 
experi 
xnents 

, ■Mean clot 
retraction 

®o 

Ml 

'• 47 

4 

73 ' 

4 

1 53 ' 

4 

1 ® 

! cs 

Mil 

T 10 4ij 

1 * 1 

1 1 

CG 

4 

54 

4 

i « 


s:i 10 46 

, ^ 

CO 

4 

39 




, 10 - 4* 

1 * 

t.3 ’ 

4 

54 


( 
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It would therefore appear, in spite of Hadorn’s (32) negative findings, that (ho 
administration of other open chain ureides to patients uho ha-vo rccoiercd 
from purpura due to sedormid is probably unuiso The results of {jjooe 
investigations are shoum in Tables XIII and XIV 

TABLE XTV 


TAc effect on clot retraction of the addition of adahn or bromural to the blood of patients ir/io had 

110 acquired liijpersensttwity to sedormid 


Patient 


Clot retraction 
with salme added 

Clot retraction 
with adalin m 
saline added 

Clot retract ion 
with bromural m 
snlmc ndilcd 


No of 
experi 
iHenta 

Mean clot 
retraction 
% 

No of 
experi* 
ments 

Mean clot 
retraction 
oy 

/o 

No of 
cxperi 
ments 

Jlcnn clot 
rctroition 

0/ 

/o 

DD 

Gonococcal 

arthritis 

4 

54 

3 

61 

3 

54 

JF 

Ulceratii e 
colitis 

4 

69 

4 

1 58 

4 

68 

GN 

1 

Coronary 
thrombosis 1 
(healed) 

4 

65 

4 

63 

! 

4 

! 

63 

JO 

Healthy 

woman 

4 

60 

4 

60 

■I 

01 

MF 

Healthy 

woman 

3 : 

70 

4 

70 

Hi 

08 

i 

RB 

Spontaneous 

pneumo 

thorax 

4 

64 

4 

03 

4 

1 

t 

\ 

PR 

Pheno 

barbitone 

poisonmg 

4 

60 

3 

68 

4 

00 

» 

HS 

Hypertension 

4 

61 

4 

60 

4 

j 68 

1 


Value of these residts in diagnosis 
The foregoing work has shorn that tho 

SZrs^Tsl^glSw that, furthermore, patcli testing ui.h the drug 

uncommon If the patient has been tal^ a <^^6 t?^ttack of nu^uro IJit hrno, 

^ try to estabhsh a wueal «.lat^T ^SiSn Si® c a tS of tlfe dms. a p^odurt 
tho only way m which this could ^ renctiOM If sedormid la suspected as the cnii' 

which, os in Case 1, may produce quite olara^renc , . retraction should lie 

investigated and a test dose of ?alue of such imcstigations 

results^ The following case history lUustratcs tho Nalue i 

Case 4 (E F ) female, bom 1877 For ^ asmrbic acid b> 'lector In 

with lack of appetite and loss of weight tablets o%cr a period ^4 wwk 

March 1943. she started to take sedormid She took further tablets Four dnye 

S^then took no more until Jf^r a fStK.o da.-s she was admitted to 

later (22 8 43) she noticed a rash on her feet ana airer 
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lio»pitnl (27 8 43) wh'-n Bh*- ’wa<i found to hate profuse sinall purjmnc spots on the feet and legs 
iind larp r Jurtnorrliogi'* pat^h'‘s on the trunh^ neck fare and anns There trere ecchynioscs 
on 111* t* 3 ns«e and buc*ail muco't The spleen was not palpable On the following day a 
hhyKl eotint showed a seitn. orthocliromic antemia and the platelets numbered leas than 2 500 
p* r e mm Two dots later she •jtos transfused with one pint of fresh blood os the htemoglobm 
had n nr fallen to 34"„ \ blood count done after the transfusion showed that the platelet 

* amt had ri'en to 100 000 per c mm ^le urtnan excretion of ascorbic acid was found at this 
lime to la wiilim lurninl limits the com-tntration \nmng from 1 0 to 22-0 mg per 100 ml 
iirm Aftfr the tninsfiiuion her pneral condition rnpidli improied and the purpura began 
to fade I'l n 9 n til* h-emorrhages hod almost di'sappeared and the platelet count had risen 
to 280 000 p* r I mm Tlierrnftcr she made a steadi recotem 

Sh' was ri'xt se<n 7 2 40 when she wns referred for in\cstigation as a case of transient 
thromljo* nopfiiii purpuri prohiliK dii" to sedormid Skm tests using ar-etone and decmormal 
hraliiim h>'lnixide us Foliints were put up for 24 and 72 hours Xo local hemorrhages resulted 
nn*I the riipillan fnigihti ns estimated b\ a positive pressure method was not mereased in the 
te I ureas Tlie platelets showed no sigmficant agglutination (maximum 1 0%) when 1 0 ml 
> f blood w IS add* d to 10 0 ml of a saturated solution of eedonmd m isotomc sodium citrate 
111 nddilioii of a saturated solution of sedormid m saline to this patient’s blood caused no 
inhibition of riot retraction The figures obtained (each being the average of four estimations) 
win ns followp 

Clot r* trartion of 2 0 ml blood-)- 0 6 ml saline = 02% 

Clot retraction of 2 rt ml blood 0 5 ml sedormid in salmc = Cl% 

III tiew of these nepitno findings it was decided to admit the patient to hospital for test 
il I mg with M donnid At 8 30 p m 14 2 46, she was gi\tn J tablet of sedormid (0 03 gm ) 
Ml exp ri* ii's-d no rear (ions and there was no mereaoe m capillars fragilitt On the following 
» V iiuip sli' Was giten on* tablet (0 25 gm ) of sedormid with sinularU negative results It is 
1 1* art hen fore that wluitcx or the cau«e of her attack of purpura m 1943 this patient wag not, 
111 III' lim she wns examined suffering from hvperscnsitivitj to sedormid, a conclusion wluch 
emiM not hate li'en nrrncd at walUout the aid of the aanous testa cmplovcd as without them 
t< t do mg woiilil lm\ o been considered far too dangerous a procedure m such a frail old woman. 
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have shoAvn that a sudden lovenng of the platelet count ina^ procipifuto 
lisemorrhages in animals uhose capillaries have been damaged to an c\tont 
insufficient to cause purpura Bedson found that tins degree of capdlari 
damage could be produced by the admimstration of anti-rcd coU serum to 
guinea pigs When he gave rhe same animals “ agar senim,” vluch In itself 
causes a transient fall in the platelets but no purpui’a, then tlie annuals 
developed extensive haemorrhages Furthei evidence that the jilatelets arc 
concerned ivith the maintenance of normal capillary permeabilit) 1ms hron 
provided by Danielh (13) irho has shoim that the rate of doiclopmcnt of 
oedema in the perfused hind hmbs of the frog can be greatly reduced bj the 
addition of mammaban platelets to the perfusion flmd He consulcicd that 
the action of the platelets was largely mechamcal, involving simple hlochago 
of protein permeable pores in the capillaries 

In the present investigation it has been shown that the application of 
sedormid to the skin of some patients who have recovered from purpura due 
to this drug results in the appearance of petechial limmorrhagcs m the area 
to winch the drug is apphed This occurs m the absence of any sigiyficaut 
change m the platelet count Although it is conceivable that diffusion of 
sedornud through the capillary wall into the blood stream might cause some 
local destruction of platelets too shght to produce a significant fall in the 
platelet count elsewhere m the body it seems very unbkely that men if such 
a local destruction of platelets did occur it could have any effect on local 
vascular permeabibty as the blood flowing through the vessels vould bring 
uitb It a continual supplj of fresh platelets It therrfore seems clear that 
m so fai as sedormid purpura is concerned the capillary lesion can occur 
independently of the development of tbrombocj^opma It has also 1 ecu 
shoun that sedormid has an effect on the platelets of these ^ 

IS demonstrated by the production of platelet agglutination by sedoi m 

the hmmorrhagic tendency due to the capillar} 


Summary 


1 Tliree oases of 

"rr — .00 of fhs drag, .a oao Py .. Wde 
as 1 4 X 10*® grams of sedormid 
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LIVER A^’D AIUfiCLE GLYCOGEX IX XORMAL feUBTECTS, IX 
DIABETES AIELLITUS AXD IX ACUTE HEPATITIS 

PART I UXDER BASAL COXDITIOXS 


B\.I A HILDES,* SHEILA SHERLOCK t and 
VERYAX WALSHE J 

(Dcjmrtmcnt of Mohave, Postgraduate Medical School of London ) 

Turrtf arc \frj few ob‘'Or\ ntions on hepatic and muscle pheogen a nine in 
man It Kccintd of interest to record gljcogcn distribution in diabetes and 
atiitt liiimtifis compared with that in normal siibjcets This piper 
CHfibliHhea the rang* found under bisil conditions winch was inaestigntcd 
ns a ]inlimiiinr\ to a stndj of the changes efloeted b\ adrenaline (0) 

Methods and material 

'I lie iKirmnI Mibjcits were hospital patients con\ alc^eeiit from illnesses 
bilitNcd nut to aflccl carboh\dratc metabolism 

The tw(l\c patients with dinlietes had had no insulin for at least two 
dn>s, or longer if tbe\ were preeioiish taking 7ine-prot amine insulin 

Two patients with acute hepatitis were ofaca ere grade, one was mild (lii) 
Miocle and liter 
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The mtiscle and hver biopsies -a ere each divided into three pnits One 
portion was fixed in absolute alcohol for section and staining by Best’s 
carmine method for glycogen The other tvo were dropped into neighed 
tubes containing 2 ml 30% potassium hydroxide solution and tiansfencd 
to the laboratory in a thermos flask contaimng ice and salt 


The tubes were leweighed as soon as possible and the tissue then 
dissolved by Avarmmg on a water bath , 2 ml 05% ethanol n ere added and 
the tubes replaced in a boihng water bath till the ethanol boiled and a 
cloudy piecipitate formed (4) After standing ovenught in a refiigeratoi 
the tubes were centnfuged hard for ten mmutes and well diained 2 ml 
60% ethanol were then added and the piecipitate dispersed nith shaking 
and tapping Centrifuging and washing with 60% ethanol vere repeated 
until the supernatant was no longer alkahne to phenolpthalein (2) The 
last traces of ethanol were removed by waiming, and the piecipitate tlien 
dissolved in 2 ml 0 6 N perchloric acid The tubes were then lieated in a 
boiling water bath for 24 boms to hydrolyse the glycogen to glucose Tins 
was done in an all-glass apparatus, namely, graduated centiifuge tubes lutli 
ground glass stoppers to nliich air condensers were fused Wlien tlic tubes 
were cool tlie acid nas neutiahsed with 2 0 ml 06 N ICOH (accurately 
standaidised against the acid used foi the hydiolysis), and tlic 'vliite 
crystalhne precipitate of potassium peichlorate spun down 0 5-1 0 ml of 
the supernatant was used for sugar estimation, and the glj'cogen content 

of the tissue calculated 

Each sample of muscle used for analysis weighed 16-40 mg , and eacli 
sample of hver 8-20 mg 

Results 


Hepatic glycogen concentration 

la) Normal sahjeds In nineteen patients a™* 

n-as bitween 0 95 and 4 1% (w/w). mean 2 16, (Table I) Jto all toe 
subjeets Uepatie histology, apart ftom an oooasional fat droplet oontanieil 

in a hvei cell, was normal 

r l"rr nolafafvcts a stosleally 

not estabhshed The chnical t^e of diabetes ctmld n ^ 

the hepatic glycogen content One ^ ^ 20 o ml gave a 

alkah reserve of 10 ml 100 ml and a blood sugar of 40t> m„ / 

hepatic glycogen value of 1 26% „Urpn.rcnic 

Hepatic lustology was usuaUy Tfrequent finding m 

infiltration of the hepatic cell nuc ei was ® subiects In tuo patients 

diabetes, but is also occasionaUy seen m n 3 not 

an occasionally fatty droplet was seenm the liver 
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outside the bounds of nonnahtj The U%et of the patient -v^nth diabetic 
coma shoued gross siicUing of the liver cells Kiiclear gh cogen and fat 
iicrc not present 

TABLF I 


llepnttc ijli/coyrn tn ItOfptlai paIfntJt under tant conditionA 


Co«»- 

1 

nnfl npr* 

1 

Di‘'guoK\« 

1 Htp.it m 

Rl\cop n 
p por ItK) p 


I 

1 F 

21 

Duodotuvl dncrtifailo«w 

4 0 

1 I) 

1 M 

73 

Cliromc Ijroni-liitis 

4 1 

MH 

J 

07 

1 dironii’ bulbar p »ls\ 

3 7 

11 11 

11 

M 

1 Cflni<il<'<'<nt piifnlic 

3 4 

J li 

It 

1 

4"$ 

\ f <in\ nl# nt ihifKl rmlul^r 

J! ** 

J H 

It 

12 

C»m\aU««nl giotritis 

2 7 

PA 

V 

>> 

]>■ niiatili<i 

2 r. 

AP 

It 


( ir< morna ot liinc 

2 Oij 

A U 

It 

W 

Com nl< « » nt «l)iO(]> uni iitr r 

2 05 

I W 

It 

32 

( <jn\nIo*<'* nt pi^trir ulcrr 

I "7 

I P 

M 

(<h 

\usituv pnt term 

r'l 

T1 

M 

24 

Idmpillno rpilojHv 

I so 

1 O 

It 

f.fi 

Con moma ot colon 

1 72 

HU 

M 

34 

Coniul ‘rm brou b >pn iimnutn 

1 47 

LM 

It 

34 

Iibnpatlwc cjiilcpfca 

I 20 

S\ 

M 

3'i 

\«lbtna 

I 1 

\ H 

It 

44 

(oinni '--ent pu umonin 

I I 

1 1 

It 

K) 

) <1? t i« iliHr nivi c f 1»« ri'' 

ti '**, 

I I 

M 

21 

Pn\« 'I 

f> '>5 




IV n 

_ i* 
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TABLE 11 

Hcpattc glycogen tn dtahetes 


Case 

■ 

Sex and nge 

Blood 

glucose 

Tag per 

100 ml 

AJknh 
rosene 
mg per 

100 ml 

I 

Hepolit 
gheogen 
g per 100 g 

AW 

F 

00 

104 

66 

2 08 

ZH 

F 

50 

210 

— 

2 O'; 

JL 

M 

67 

240 

— 

2 30 

MD 

M 

24 

204 

49 

215 

RC 

F 

62 

300 

1 

67 

1 73 

JT 1 

M 

67 

260 

69 

1 03 

WT 1 

1 

M 

04 

250 

1 

— 

1 36 

GG 1 

1 

M 

67 

40S 

10 

1 20 

LD 

M 

24 

21>4 

66 

OSS 

OR 

M 

29 1 

608 

_ 

1 49 


j 

i 


Mean 

1 S4 


TABLE m 


The effect on muscle and Incr glycogen of repealed biopsies 


Case 

Sample 

Tune 

interval 

Glycogen g per 100 g 

1 

2 

3 

Ml 

Lu or 

60' 

111 

1 10 

i 

Pa 

Liver 

60' 

0 90 

0 78 


Gr 

L peotoraha major 

30' 

1 55 

149 


Jo 

L pectoralis major 

30' 

2 07 

2 04 


St 

L pectoralis major 

30' 

2 90 

2 91 


Gr 

L gastrocnemius 

120' 

0 89 

0 79 


P 

L gastrocnemius 

30 

101 

0 77 


W 

1 

R gastrocnemius j 

30' and 00' 

2 18 

2 50 

2 10 


Gashoommm In H normal snbjeotB the mean muscle "“j 

1 S0% (range 0 78-2 10), (Table IV) In every ease the bstologj 
gastrocnemius or pectoralis major was normal 
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{b) Diabetes The mean muscle glycogen m the pectorahs major 
(1 59%) in 6 diabetics was lower than in normal subjects, but there \sas no 
statistically sigmficant difference between the two groups The muscles jn 
diabetes were histologically normal (Table 6) 

TABLE V 


Muscle glycogen tn diabetes 

(In all these cases the muscle sampled teas pectorahs major ) 


Case 

SeM and age 

Blood 
glucose 
m /lOO ml 

Alkali 

reserve 

1 vol /100 ml 

Blood 
lactic acid 
mg /lOO ml 

Muscle 
: glj cogen 

1 g per 100 g 

JT 

! 

M 

07 

200 

1 

50 

40 

2 40 

AVTV 

M 

40 

180 

— 

85 

202 

RC 

F 

02 i 

300 

67 

12 0 

2 03 

GW 

M 

32 

248 

30 

— 

1 18 

HB 1 

F 

32 

268 1 

40 

70 

1 12 

MD j 

M 

24 

204 j 

i 

40 { 

i 

60 

0 72 





Mean 

169 


(c) Acute Jiepaiths In three cases the muscles showed a normal 
glycogen content and were histologically normal (Table 6) 


TABLE VI 


Muscle glycogen vn acute hepatitis 


Case 

Sex and ago 

Serum bihrubm 
mg /lOO ml 

Muscle glj cogen 
g per 100 g 

CP 

M 64 

42 

143 

WP 

M 63 

16 6 

165 

JS 

M 47 1 

96 

2 02 


D^stnhrnmi of ,m,ocle glycogeo In thiee 

sampIeB weie taken from iigM and left ® (TaWo 

Th Jo was httle difleronce m the glycogen content from the tao edes (la 


VII) 

In three instances, comparison of 
showed a higher glycogen value for the former (Table YIU) 
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TABLE \U 


Compannn oj the glyeogm eontcntt oj mvfeUx Jrom Ihf rig} I and Irft ndc 


( ano 

1 

aiiiifle 

Ghrog'-n g p^r 100 g 

Higlit 1 

L«ft 

G 

Ettlomlia mojor 

1 2C 

1 17 

St 

Giutrocnciniug 

2 02 

, 2 19 

TO 

Peetorolis mnjor 

1 22 

1 1 19 


The trauina of repeated sampling is said to Ion er the muscle glvcogcn 
In ‘'I’C normal subjects repeated muscle biopsies were done at intervals to 
determine if tins effect could be minimised b\ careful sampling avra\ from 
the site of prcMous biopsy (Table III) In four cases the difference betneen 
the samples nas small In one there nas an aiipreciable fall and in one case 
where three biopsies were taken at 30-mimite inter\als, the =econd ‘-'iniplc 
was higher than the first and the third almost the same as the first Me 
considered that with careful sampling an appreciable fall in mu«cle gheogen 
could be attributed to something other than trauma m the evperimmth 
reported m Part II ((>) cspcciallj if the \aluc ro«e asain at the end of the 
c\perinicnt to the initial lead 


TABLE MH 


Compari’on of gtyeonrn conltnf of pretoraht major and ra Ironirmiin 


Cftso 

GUcogrn g 

poT 100 g 

P< rtomlis major 

Oii'5trora<‘min« 

To 

2 07 

1 10 

Si 



Bo 

1 *.a 

1 11 















294 


HILDES, SHERLOCK AND WALSHE 


The glycogen content of 10 normal human livers bwpsied at operation 
u'as 1 21-6 31 (mean 3 15%) (9) The total carbohj'drate content of Inors 
from subjects dying suddenly uas 1 56-6 17% (13) In the present group 
of hospital patients the mean hepatic glycogen has proved loner although 
we agree mth othei workeis m finding a very mde range 


In animals from which the pancreas has been lemoved, hepatic glycogen 
IS verj' low, (11, 3), but is restoied unth insubn therapy (3) In fatal cases 
of human diabetes total hepatic carbohydrate is variable but not constantly 
low (13) Serial aspiration hver biopsies in a patient with diabetic coma 
have shown very low hepatic glycogen, improving inth treatment (1) 
Similar biopsies in two oases of severe juvemle diabetes shoved leasonably 
normal values (8) The glycogen in all these aspiration biopsies, lion ever, 
was only approximately determined on sections stained foi glj'cogcn 
In the present series the mean hepatic glycogen in diabetes, altbough 
diminished, was not as lov as had been expected The diflerence between 
the means for diabetic and noimal subjects was not statistically significant 
and the overlap between the two groups was very great The hepatic 
glycogen values did not correlate with the clmieal tj'pe of diabetes, the 
fasting blood sugar oi the degree of ketosis Under basal conditions hepatic 
glycogen altered but little over one hom and is little affected by the tinumo 
of a preceding biopsy 


Mmde glycogen Although dupheate analyses vere not so consistent 
as for hver biopsies, provided caie is taken in the selection of samples rcsiilN 
seem rehable Sections for histology were always cut from part of t)ic 
muscle adjoining that taken for glycogen analysis The histolo^ca 
picture is reasonably uniform, the muscle bundles being separated by onlj 
a minimum of fibrous tissue 

Only one report hns been found of 
amputated under chloroform anjesthesia Bhowed much lone 
tZe of the present Bones (12) Distally placed mnsete ^ 

glycogen than proMiual ones This also prored the i»se rrticn a e 
fhe g^oogen oi peetorahs major with that of gastocnemu. ^e high 

glyeogmi content of muscle, tmt^Jftomnsci; the huge 

nneupeoted Bren assuming vaiia y carbohydrate icscnc 

mnsoiilar mass in the body must promde a (g,, c„a. 

This glycogen, moieover, is even^ter ertent during 

as unpublished observat’ons have showm, to an g 

a rigor , n 

I„ ammals aftm -- 7 ' 

though not so low as that of the liver ( ) patients, although the 

of muscle glycogen m human normaf subjects, it was still 

mean muscle glycogen was less than that m 

well within the noimal lange 





LIVER AXD JrUSCLE GLYCOGEN IN NOE'\L4L SUBJECTS, IN 
DIABETi:S ilELLTTUS AND IN ACUTE HEPATITIS 

PART II THE EITECTS OF INTRA\'ENOUS ADRENALINE 

Bj I A HILDES,* SHEILA SHERLOCKf, and 
ATRYAN WALSHE % 

{DcpurhnnU of Mcdtnnr, Po^lyradtiolc Medical School of Ijondon ) 

Mtjrn has hcon imUen on Ihc cffctls of ndrcnnlinc on carhoindntc 
nicfaholifiin in nniinnls In man, liouc^cr the changes produced m muscle 
and liepalic gl\cogcn do not seem to ha\D been slndicfl In human diabetes 
the ghcTinic rtspoiiRc to adrenaline is diminished (1, 17) It seemed 
important to repeat these obstr\ntion«, and at the same lime to measure 
the changes in In or and muscle ghtogtn, in blood lactic acid and in senini 
poslassiiim Results bait been compared both uith those found in normal 
fiubjcclR and in patients eiith acute hepatitis in ^hom a poor gli,eTmic 
response to adrenaline has abo been reported (T 17) 
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Tlie patients -wnth acute hepatitis were graded on the basis of hepatic 
histology and on serum bihrubin and protein changes (23) Tuo mcic of a 
severe and one of a mild grade 

Expenmental piocedwe Observations were made vith the subject 
pieviously confined to bed and mthout food for twelve hours Sodium 
amjdial 0 2 g by mouth was sometimes given 30 nunutes previously This 
mild sedative was not found to affect the results 


Adrenabne was infused into a forearm vein for approximately one 
hour, preceded and followed by control periods also of one hour During 
the entire three hours a record was kept of brachial blood pressure and 
pulse rate At fifteen mmute intervals capillary and venous blood samples 
weie taken from the opposite arm for the estimation of blood glucose, lactic 
acid and serum potassium concentrations In some subjects changes m 
hepatic glycogen weie determined by aspiration hver biopsies before and 
dming the adrenabne infusion In others, muscle glycogen changes were 
followed by sampling before, duiing and after the adienahne In some 
instances urine obtamed by catheter before and after the infusion was 
analysed for sugar and lactic acid Oxygen consumption was also 
deteimined befoie, during and after the adienahne 


Adrcnciline p\ 62 ^o,iation and dosage The same preparation of adrena* 
line Avas used throughout (Allen and Hanburj^ 1 1,000) The 0 5 ml 
ampoules were stored in the dark at 4*^ C The diluted intravenous solution 
was piepared immediately before use, 1 ml of the 1 1,000 solution being 
added to 600 ml normal sabne acidified ivith 250 mg ascoibic acid The 
diluted solution Avas given in a dose of 0 067-0 11 pg per kg per minute 
fiom a graduated burette AAuth drip attachment The infusion rate was 
reasonably steady, 10-13 ml being given in every five minutes 


Muscle and Jiepaitc hopstes The technique has been described 
previously (12) 

Venous blood samples A venous tourniquet was placed round tlic 
wTist to exclude blood from the hand The samples were ^ 

an antecubital vein wnth the minimum of stasis, and analysed for 
lactic acid (18), and serum potassium (16) 

Oavtllmv Mod omplei we taken m 0 06 ml pipettes fr™ a 
bleeding ear prick Duplicate samples were taken on each occasion, 

Avere analysed for glucose (11) 

oxygen cmmmpum In the earher obserratione a ™”"!° “““‘X 

of expired air was taken in a Douglas bag and the “^Se^i realised 

contot determined with the Haldane gas ^ BencdietrBotli 

that sufficiently aoeiirate values ooitld be obtamed with the Beneoiet 


spiiometer 





'“JWPUoo 
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ResuUf 

Results arc tabulated (Tables 1-4) and e\ample<5 of the response in 
normal subjects, in diabetes and in acute hepatitis are illustrated (Figs 1-3) 

General cjjccts oj the inirnienou)> adrenaline infusion 
There u ore feu sj mptoms although sometimes the adrenaline produced 
headache or a feeling of light -hcadcdnes« Facial pallor uas a constant 
feature It persisted throughout the infusion Within tuo minutes of 
stopping the adrenaline a facial flush was noticed which lasted for about 
fn c minutes 

TABU 111 

Thf fj/fct ftj wlrfttaltnr on unnnrif vnjnr 

l;nfiAr\ pugir g 1 hour rxfrctjonj* 


Ca®'' No 


IVforo oftrrnnlinA 


Dunne nclrtnnlin^ 
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(6) Diabetes JFive of the thirteen patients studied (D 1-6 Table 21 
showed an essentially normal increment in blood sugar In these five 
subjects the return to normal was sloi^ and m some the level continued to 
rise for as long as tlurty minutes after stoppmg the adrenaline In all five 

the blood sugar an hour after the conclusion of the infusion was still raised 
above the restmg value 

Eight of the patients (D 6-13, Table 2) showed a dimimshed glycjeinic 
response to adrenahne, the maximum rise m blood sugar being less than 26 
mg per 100 ml The blood sugar did not increase steadily durmg the 

TABLE IV 


Oxygen eonsumphon before, dunng and after adrenahne ttifuaton 



Dose of 
adrenaline 

Oxygen consumption c c 

per mm 

IncrcoBo 
in 0, 

consumption 
cc per mm 

Case No 

1 

1 

fig per leg 
per mm 

1 

Basal 

During 

adrenalmc 

1 hr after 


Normal subjects 


N 1 

SKBSIII 

165 

203 

IbO 

38 

N 4 

0 084 

198 

222 

200 

24 

N 6 

0 081 

224 

267 

222 

33 

N 10 

0 077 

176 

235 

198 

CO 

N 12 

0 088 

170 

240 

1 

70 

N 14 

0 080 

189 

i 

202 

184 

13 

N 18 1 

0 077 

164 j 

176 

164 

22 





Mean 

37 

Diabetics 






D 4 

0 082 1 

; 100 1 

1 214 

177 

64 

D 6 

0 083 

202 

1 262 

223 

60 

D 7 

0 075 

264 

1 3DD 


45 

D 9 

0 076 

261 

301 

240 

! 60 

i 

D 10 

' 0 079 

1 

186 

1 220 

195 

35 

D 11 

0 085 

190 

237 

164 

41 

D 12 

0 082 

233 

266 


22 

D 13 

0 072 

133 

161 

Bi 

18 





Mean 

39 

Acute hepatitis 






fi 1 

0 079 

234 

281 

243 

47 
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infusion os in the nonnal subjects In fact m all but three of the diabetics 
at the beginning of the adrenaline infusion there ii as a fall in blood sugar, 
in some cases quite pronounced The blood sugar iisuall} returned to the 
fasting Icscl or ahoic it bj the end of 60 minutes infusion In three cases 
tlicrc Mas a sharp increase in blood sugar when the adrenaline infusion was 
stopped 
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Blood laciic acid 

(o) Normal subjects Adrenaline caused an increase in blood lactic 
acid, the maximum being 2 1-17 0 mg per 100 ml above the fasting value 
Again there was a rough correlation mth dosage The maxmium value 
was recorded at varying tunes after starting the adrenahne In eight it 
occurred sixty minutes latei, in seven forty-five mmutes later, and in one 
only thirty minutes after beginning the infusion An early peak value Mas 
associated Math a falling off of blood lactic acid tovaids the end of the 



Fig 2 Dtabeics D 6 Female, age 32 Tlie effect of mtravenous 

blood pressure, blood sugar, serum potassium, blood lactic acid and muscle g j ge 
of adrenalme 0 083 /ig per kg per mm 


infusion despite continuance of the adrenahne and continued rise o 
sugar In fifteen of the sixteen subjects the blood lactic acid Mas a 
the ini tial value within forty-five minutes of stoppmg the i usion 

(6) Diabetes Adrenahne constantly caused an increase in ^ 

acid sumlar m degree to tiiat m normals The maximnm 
21 0 mg per 100 ml rrae often reached before the oonduaion of the .^«mn 
On stoppmg the mlhsion the blood lactic acid rapidly returned to norma 
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(c) AculthiTpalili^ The three patients also showed an increase m blood 
lactic acid similar to that in normal subjects 

Serum potassium 

(«) Normal subjects The level fell, the lowest value bemg reached at 
the conclusion of the adtenahne infusion It u as 1 0-5 8 mg /lOO ml below 
the fasting salue The subsequent return to normal was slou and in five 
subjects the leicl uas still reduced an hour after the conclusion of the 
adrenaline infusion . 

(h) Diabetes The level fell to 1 0-3 0 mg /lOO ml below the initial 
1 nine, the depression being slightlj less than in normals 

(c) Acute hepatitis All three patients showed a fall in senim potassium 
similar to that seen in diabetes 



I iR 1 initr hrpnlilf II 3 Mnl*" nRi. 4” Tlio cfliclB ol iiilm\rnouB ndrenalmp on 
rapiilar\ s^nim potn^^ium, blootl Inctic ncjtl oml mu*#!'' plvcocon Df><A of 

ntln iinim 0 poi* p^r mm 

Mu^clr glyrojen 

(fi) formal <tHhjrrts In all subjects during the fir'tt thirt\ minutes of 
tlip ndronahne infii‘>i<m the iini<cle pKcogon diminichod Dunne the second 
thirt\ minutes then ms n \nnable chnnuc , three patient" •-houed a further 
dijiUtion of muscle gheogin but in the other "i\ the Icicl ro"C It «cenicd 
p<i‘.*.ihh that till maMinum depre""K)n of mii"cle ph cogen might occur 
eirhir than thirt\ iiiinute*- after besmning adrenaline ‘"amplc'? acre 
thin fore t lUn both tifti en and thirta nnmites after the otart of tin infusion 
(( i"i •< X 4 (J) md X "p) (Table It \lthouuh '■ome depletion had occurTed 
at liftei'n minute •> tin imiMle ghiojun choued a lower \aliie at thirta 
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minutes In only six subjects were muscle glycogen values estimated one 
hour after the conclusion of the adrenahne infusion In four of these 
glycogen exceeded or was within 0 1 g per cent of the fastmg value In 
two it was still below the initial figure and m one of these the level vas e\en 
below that found at the conclusion of the adrenahne A sampling error is 
probable in this instance (Case N 6, Table I) 

In aU the observations except one, pectoiahs major was used for 
samphng In Case N 4, Table I, however, pectorahs niajoi and 
gastrocnemius were used on separate occasions The leg muscle showed 
the lower mitial glycogen values and the depletion dunng the adrenaline 
infusion was less than that previously recorded m pectorahs major in fins 
subject 

(6) Diabetes Changes m muscle glycogen were more consistent In 
all the SIX patients studied, durmg the first thirty minutes of the adrenahne 
infusion the muscle glycogen diminished Unhke the normal group, in four 
of the subjects at the end of the hour the value ivas lower or within 0 1 g of 
that recorded at thirty minutes In the other two, the one hour reading 
ivas greater than that found at thirty minutes 

In all SIX patients the muscle glycogen mcreased duiing the hour after 
the conclusion of the adrenahne infusion In four it was within 0 1 g and 
in two within 0 22 g , of the initial fasting value 

Owing to the lower initial values in diabetes the depletion of muscle 
glycogen as a result of adrenahne, expressed as a percentage change, is more 
conspicuous than in normal subjects 

(c) Aevie hepatitis In both the patients with acute hepatitis (severe) 
there was a depletion of muscle glycogen both at thirty and at sixty minutes 
after the start of the mfusion Recoverj^ to pre-adrenahne levels had occurred 

one 

the 

by adrenahne 


hour later, thus reacting similar to the diabetics 

Tables I and II also bring out the fact that, in aU the poups studied, 

bgher the initial muscle glycogen level the greater the depletion produced 


Liver glycogen 

For vaiiOUB reasons two Urer biopsies conld be performed ^ 
subjects Samples were taken at the end of the control period and just 

before the adrenahne was stopped 
(u) Norm.1 subjects In aU five 

by 0 26-0 92 g per cent On this veiy small senes iUp^reanonse to 
little relation between the fasting hepatic glycogen an 

(6) Diabetes Two biopsies were performed ^ ^ ^^of^JepSIc^glycogcn 
one (Case D 1, Table II} adrenahne caused a dfabetifs^ whose 

This subject was one of the elderly insuhn-insensitive diahet 
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response to adrenaline Mas in every other -vraj normal In the other tno 
adrenaline caused an increase in hepatic glycogen These two patients Mere 
among tliose that gave a poor ghcaenuc response and tlie diabetes uas of 
the acute vanetj In four subjects on the daj succeeding the infusion the 
fasting hepatic glycogen nas measured under basal conditions Two had 
gi\en a normal and two a small blood sugar rise \nth adrenaline In each 
case liepatic glj’cogen n as anthin the normal range 

(c) Acute hepatitis The hepatic lesion is patchy and anahsis of one 
small sample must he only a poor indication of liepatic gh cogen as a uliole 
111 one subject, who gave a poor blood glucose 'iicrease uitb adrenaline the 
\alHe under basal conditions, nas lou 

Urinary sugar and lactic acid 

(a) Normal subjects In five of the subjects urine passed iinmetliateh 
after the period of the adrenabne infusion did not contain sugar or lactic 
acid 

(b) Diabetes In four subjects, unne samples passed dunng the hour 
preceding the adrenaline and just after its conclusion u ere tested for sugar 
(Table III) In three there uas an increased urinar\ sugar during the 
adrenaline infusion In one there was an apparent diminution The 
amount of sugar excreted was not related to the extent of the gh c emic 
response to adrenabne 

Oxygen consumption (Table IV) 

(a) Normal subjects In seven normal subjects adrenaline increased the 
oMgen consumption bj 22-70 ml per min \\ith one exception the 
oxjgcn consumption one hour later had returned to the ba^al \nlue 

(b) Diabetes In eight diabetics adrenaline increased the owgtn 
coiiRumption bj 22-54 ml per min There MS', little difTerence bttucen 
tliese results and those for normal subjects In fi\e paticiil'- the owpin 
coiisuiiiption one hour later had returned to uathin lu ml per min of the 
bnial taluc In another tuo the oxtgen consumption in'- still mcrea'-td 
In 21 and 17 ml per min 

(c) Icutc licjHititis Oxjgcn consumption uas iiieT'iirtd in onh the 
Jiaticnt with the mild hejiatitis The increase ua'* normal and tin \alu» 
had one hour later relumed to mthin *i ml per min of tin. n ^tiiig ' dnt 

7 he effect of intraiciious adrenaline on an artinciaUu rai'-fd blryfl ' a le ii 

normal subject' 

It was calculated that in an •werage sired man 2n prainiiU' of ^lino < 
iiitriMuoush Mould be required to ruse the blood ‘•iiL'ir loo inj jx r Jo * ml 
and that maiutonance of this increase oair a ptriod of hour- uouM rminri 
an iiifiisinn of about 0 "i g Elucu«e per minutt 
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In three normal men, after a prehnainary control period of one hom, 
a priimng infusion of 60 ml of 60 per cent glucose was given slowly into a 
foiearm vein Dunng the next three hours 10 per cent glucose solution 
-was infused at the rate of about 6 ml a minute The blood sugar increased 
to about 200-300 mg pei 100 ml and for the next hour remained surprisingly 
constant During the second hour adrenaline was also infused, into anotliei 
forearm vein During the third hour glucose alone was given 

Results are shown in Table V and an example is illustrated (Pig 4) 
It is seen that the adienalme mcieased the blood sugai 26-63 nig per 100 
ml above the level reached ivith glucose alone In tlie tlnrd hom the blood 
sugar returned to the pre-adrenahne level ^ 


TABLE V 

Normal subjects The effect of adrettaltne on an artxftexally rawed blood sugar 



Sex 

and 


Dose 

Blood sugar mg per 100 ml 

Subject 

Weight 

kg 

adrenabne 
Jig per 
kg per 
nun 

Initial 

Ist hour* 
glucose 
alone 

2nd hour* 
glucose-j- 
adrenaluie 

3rd liour* 
glitcoso 
alone 

EK 

M 41 

66 

0 083 

98 

214 

240 

204 

WM 

M 26 

67 

0 073 

96 

222 

286 

237 

TS 

M 19 

63 

0 082 

103 

361 

390 

348 


* Blood sugar %alues are the mean of the four readings obtained dunng the hour 


Discussion 

The glycogen content of smaU samples of hver and muscle has been 
taken as representative of total hvei and muscle glycogen (12) ^he source 
of error arising from the size of the samples is inevitably greater in human 
thaT m ZSil obaervationa NeyarthelesB, the ohanges meaea^d .n 

normal enbjeote are m general /“’V 

work It therefore seems probable that the departures from norma y 

in acute diabetics aie of significance 

Tlte effects of intiaveiims adrenakne tn normal subjects 

It has been shonm here, and by othOTs (6, 4, blood 

intravenous infusion of serum potassiui, the 

lactic acid and oxygen consumption, and a fall in seru ^ 

muscle glycogen at first falls and later ® glycogen has been 

the hver glycogen falls It would seem, ob^rvations of a generally 

mobihzed from liver and muscle In anima , fap m liicr 

similar character have been reported (9, 2 ) 22 ^ 

glycogen may be followed by a return to n observed (2) , species 

fnd a retum^o normal of muscle glycogen has not been observed (2, , p 

and dose may account for these differences 









ADBENALINE RESPONSE IN DIABETES 309 


Table VI shows an attempt to atnke a balance using values before and 
after 60 mmutes of adrenaline infusion Forty-seven of the 60 grammes 
of carbohydrate mobibaed from liver and muscle can be accounted for The 
discrepancy may have several esplanations, namely (a) that the biopsies 
do not fairly represent the total hepatic and muscle glycogen, (ft) that sources 
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of energy other than carbohydrate are used during the infosion, and (c) that 
the uses in concentration of glucose and lactic acid are not imiform 
thioughout the various compartments of the body uater during the infusion 
for example, the glucose concentration in the cells maj'' not increase to tlie 
same extent as in the extra cellular fluid (6) We cannot exclude a trausfei 
of carbohydrate to fat Although in rats adrenahne is said not to influence 
glycogen deposition in fat depots (26) observations mth Deuterium have 
shoum that, in the piesence of a carbohydrate pletliora, large quantities of 
glucose aie used to synthesize fatty acids (25) 


Decrease m liver glycogen 0 40% 

Qlucose liberated 0 49 X 1,000 

from liver X 1 6 = 7 3g 

100 

Decrease m muscle glycogen 0 27% 
Carbohydrate liberated from muscle 
0 27 X 1,000 

X 19 = 613 g 

100 

Total carbohydrate liberated 68 6 g 


Increase m blood sugar 48 mg per 100 ml 

Total increase of body sugar = 24 8 g 

Increase m blood lactic S 7 mg per 100 ml 
acid 


Total mcrease in body lactic acid = 4 5 g 

0. consumption 220 ml per mm 

Carbohydrate combustion 

CO X 220 

« 17 0g 

760 


Total carbohydrate acedunted for 40 0 g 


TABLE VI 

Carbohydrate balance after adrenahne tnfimonfor GO »it« t» normal eiibjccis 


The clumges are calculated from the mean values of 20 obser^mtions (Table I) Mean weight 
of subjects IS 66 kg Muscle mass is calculated as 33% of body weight = 19 kg Lner mass 
IS calculated as 0 0267 kg per kg body weight = 1 60 kg Total bodj water is taken ns 70% 
of body weight = 40 litres Blood plasma is 92%, and blood cells 60% water Assuming the 
luemotocrit to be 46%, whole blood is 77 6% water and, therefore, an increase in blood sugar of 
48 mg per 100 ml whole blood is equivalent to an mcrease of 02 mg per 100 ml blood water 
The total increase of glucose m the body is therefore 24 8 g Sunilarlj , the total mcrcaso m 
body lactic acid is calculated ns 4 6 g It is assumed that carbohydrate only is cataboliscd 
during the test period and that 1 g of glucose requires 760 c c 0» for its utihration 

The effect of intiavenoiis adrenahne in diabetes and acute hepatitis 

In five diabetics the use in blood sugar and lactic acid induced by 
adrenahne infusion was of the normal size , in one of these patients hver 
biopsy showed a fall in glycogen , in three, muscle biopsy shoved muscle 
glycogen to behave in an essentially normal fashion, tliough tlie fall vas of 
longer duration than in the normal subjects 

In the remaining eight diabetics, however, adrenahne produced only a 
small rise in blood sugar, and in seven of these there was indeed a a at 
the begmnmg ranging from 12 to 34 mg per 100 ml , muscle gycogen 
behaved as m the other diabetics , hver glycogen rose in the tvo cases 
where it was measured, in one to nearly tince the original value 
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The smallness of this nse in blood sugar might be due to increased 
peripheral utilization or to diminished glycogen mobihzation from hver 
(10) During adrenaline infusion glucose is not excreted m the iinne by 
diabetics to an extent that "vrould affect the blood sugar (Table HI) Nor 
IS increased utilization the cause (14), for the increase m oxygen consumption 
induced bj adrenahne is no greater than normal in the diabetics (Table IV) 
Accelerated removal of glucose by a high blood concentration is not 
apparentlj’’ the cause, for the two patients with the highest fastmg blood 
levels, both showed a normal rise , moreover, adrenahne has been shown to 
produce normal responses in normal subjects whose blood sugar has been 
artificiallj raised by a constant glucose infusion (Fig 4) 

This brings us to consider the remaming possibility that the impaired 
response to adrenaline is due to deficient release of glucose from the hver 
It lias been suggested that hepatic glycogen is low in human diabetes (20) 
and tins w ould explain the smallness of the glyeaemic response to adrenahne 
How Cl er, w e have found that hver glycogen in diabetics, although shghtly 
low cr on the ai crage than in normal subjects, is not diminished to an extent 
likely to account for the poor glycsemic response Two of the diabetics 
(Dll and D 13) shoivmg only a small nse in blood sugar had hver glycogen 
1 allies alioi e the mean for normals Also two of the normal subjects (N 2 
and N 6) with a normal blood sugar nse had hver glycogen values below the 
moan for diabetics 


Thus it seems unlikelj that the poor glj csemic response m diabetics is 
due to an inadequate quantity of hver glycogen It seems more probable 
Uiat the diminislied response is due to an inadequate mobihzation of hver 
gl\ cogen In adrenaline, but we do not regard our findings as proof of this 
Jnpothc&is * 


It IS known that in parenchymal hver disease, adrenahne fails to produce 
a norma rise ,n blood sugar (3, 17) In these cases it is possible that the 
Cl cl of 1,1 cr glj cogen is low Tlie patchy nature of the les;on m acute 

mp^Tsa from a smaU 


T/ir rchifiori o/ ffir adrenaline response to the type o} diabetes 

w ‘‘ ^'•‘th a normal glj ciemic response to adrenahne 

12 lie d. it "-neensitiie » tj-pe . the fifth was a joung man 

I anito dnbetes, m ketosis, and clcarh of the “ jmenile " t^e ^ Fue 
f tin «5eicn diabetics showing a decreased gljcamuc response ^re of thp 
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The insulin insensitmty of some diabetics has been related to defective 
hepatic function and particularly to fatty change in the hver (24) Our 
findings do not support this Hepatic histologj' in all the diabetics studied 
was within normal hmits 

SxTMJIAEy 

1 Intravenous adrenaline m a dose of 0 058-0 11 pg per kg pei mmute 
was given for one liour to 19 normal subjects, 13 diabetics and 3 patients 
with acute hepatitis Changes in hepatic and muscle glycogen, blood sugar, 
blood lactic acid and serum potassium, and in o\ygen consumption ucre 
determined 


2 In normal subjects adienaline caused a use in blood sugar and 
lactic acid, and a fall in serum potassium TJiere was no glycosuria Oxygen 
consumption increased Muscle glycogen fell during the &st thiity minutes 
of the infusion, but tended to recover during the second thirty minutes One 
hour after the infusion the muscle gljmogen was usually normal There uas 
a constant fall of hepatic glycogen at the end of the hour of adrenaline 
infusion 


3 At the conclusion of the adrenaline mfusion we could account for 
47 of the 69 g carbohydrate mobili/ed from hver and muscle Tins 
disciepancy may well be due to the sample of muscle being not truly 
representative of muscle as a whole with regard to its glycogen content 

4 Five diabetics gave a normal response to intravenous adrenaline 
The leinaimng eight showed only a small rise in blood sugar Rise in lactic 
acid and in oxygen consumption were normal In six diabetics adrenahno 
caused a depletion of muscle glycogen during the hour of the infusion , 
muscle glycogen was restored to normal one hour later In two diabetics 
who showed a small rise in blood sugar adrenahne increased hepatic glycogen 


5 Two patients ^vith severe acute hepatitis gave a subnormal glycamnc 
response to adrenahne Changes in blood lactic acid and muscle glycogen 

were similar to those seen in normal subjects 

6 Normal subjects with an artificially raised blood sugar showed a 

further increase in blood sugar when given adrenahne 

7 Possible factors to explam the decreased glyctemic action oi 
adrenaline in diabetes and in acute hepatitis are discussed 

8 The majority of diabetic patients wth the poor glyctemic response 
to adrenaline were of the juvenile unstable type The patients reacti g 
noimally were usually of the elderly stable type 


appendix I 

g j — soluble insulin 
Z p I — zinc protamine insulin 
CHO — carbohydrate 

Q Gerhardt’s urinary ferric chloride tost 

R — Bothera’s urmary nitroprusside test * 

^ R — alkali reserve Vol /lOO ml * 

* Those tests refer to the day of the adrenahne mfusioD 
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D 10 AG Male, aged 26 Ht 179 cm \Vt 66 kg Sudden onset 6 weeks ago «itli 

thirst, polyuria and weight loss BP 116/80 No SI for 2 dajs G R 

Finally stabihzed on 2622 C , 287 g , C H 0 and 30 imils Z P 1 , 20 units S 1 dnilj 

DU AW Female, aged" 60 Ht ICO cm IVt 66 kg Sudden onset 6 months ago 

with polyuria, thirst and weight loss Herpes Zoster No Z P I for 6 dn\a G 

R tr A B 65 vol /lOO nil Finally stabilized on 2170 C , 262 g , C H 0 and 28 units 
Z P I 12 units S I daily 

D 12 JT Male, aged 07 Ht 170 cm Wt 52 kg Sudden onset 0 weeks ago with 

thirst and 2 atone weight loss BP 122/76 Ne\ er had insulm G — r 4- AR 
69 vol /lOO ml Fmally stabilized on 1966 C , 206 g , C H 0 and 26 units Z P I 10 
units S I daih 

D 13 ZH Female, aged 69 Ht 173 cm Wt 68 kg 14 months proMOusl} operation 

biopsy showed chronic pancrcatisis 12 months later sjouptomlcss gljcosuna 8G% 
fat absorption BP 125/75 Ne\er had insulm G — B — Fmall\ stabilized on 
1730 C , 26 g , C H O and 10 imits S I b i d Has gamed 7 kg m 4 months 

AcxUc hepattUa 

HI CB Male, aged 64 Ht 177 cm Wt 73 kg Serum hepatitis Jatmdircd 0 dn\’8 

Urobilm present m urme S bihnibm 4 2 mg , S albumin 3 4, S globulin 3 7 g all 

per 100 ml ■* 

H 2 W P Male, aged 63 Ht 176 cm Wt 76 kg Infective hepatitis Jnimditcd 

14 days Urobilm absent from urme S bihrubm 16 6 mg , S albumin 3 2 g , S 
globulm 2 0 g , all per 100 ml 

H 3 JS Male, aged 47 Ht 166 cm Wt 60 kg Post transfusion hepatitis Jaundiced 
12 days Urobilm absent from urme S bilirubm 0 5 mg , S albumin 3 1 g , B 
globulm 3 0 g , all per 100 ml 
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